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Report of the Executive Committee. 





To [fis Excellency George P. McLean, 


Governor of Connecticut: 


In accordance with the resolution of the General Assembly 
coucerning the congressional appropriations to the Agricultural 
Experiment Stations, and an Act of the General Assembly 
approved March 19, 1895, relating to the publication of the 
Reports of the Storrs Agricultural Experiment Station, we 
have the honor to present herewith the Thirteenth Annual 
Report of that Station, namely, that for the year Igoo. 

The accompanying report of the Treasurer gives the details 


of receipts and expenditures. We refer you to the report of 


the Director and: his associates for a statement of the work 


accomplished during the past year. 


Respectfully submitted, 


Executive 


G. S. PALMER, 


GPA] .HOPSOm, 
B.C. PAT Rie 


Committee. 
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Report of the Treasurer 


FOR THE FISCAL YEAR ENDING JUNE 30TH, 1900. 





The following summary of receipts and expenditures, made 
out in accordance with the form recommended by the United 
States Department of Agriculture, includes, first, the Govern- 
ment appropriation of $7,500, and, secondly, the annual appro- 
priation of $1,800 made by the State of Connecticut, together 
with various supplemental receipts. These accounts have been 
duly audited according ‘to law, as is shown by the Auditors’ 
certificates, copies of which are appended. 


GOVERNMENT APPROPRIATION—RECEIPTS AND EXPENDITURES. 


RECEIPTS. 
United States Treasury, - - - = - - - = = = - $7,500 00 
EXPENDITURES. 
Salaries, - - - - - - - - - - - - - - - 3,778 40 
Labor, - - - - - - - - - - - - - - - 9538 67 
Publications, - - - - - - - - - - - - - - 78 40 
Postage and stationery, - - - - - - - - - - - 260 50 
Freight and express, — - - - - - - - - - - - - T2062 
Heat, light, and water, - - - - - - - - - - - - 488 14 
Chemical supplies, - - - - - - - - - - . - 58 14 
Seeds, plants, and sundry supplies, - - - - - - - - : 146 28 
Fertilizers, - - - - - - - - - - - - - - U2 9S 
Feeding stuffs, - - - - - - - - - - - - 259019 
mogiseimiplements. and machinery, =. - -" = = 24 as! ieee 1°20 
Furniture and fixtures, - - - - - - - - - ~ - 40% 3 
Scientific apparatus, - - - - - - - - - - - - COM (ons, 
Live stock, - - - - - - - - - - - - - - jtye Beat 
Arayelingexpenses, - ~~ => =) = =) 5 oe ye oe eS 61 62 
Conumgent, expenses, ==9 =), = = ea ee 10 00 
Buildings atid repairs, - -  - - - I Re AP i FIGS 





$7,500 00 





AUDITORS’ CERTIFICATE. 


We, the undersigned, duly appointed Auditors of the State of Connecticut, 
do hereby certify that we have this day examined the books and accounts of 
William D. Holman, Treasurer of the Storrs Agricultural Experiment Station, 
for the fiscal year ending June 30th, 1900; that we have found the same well 
kept and classified as above, and that the receipts from the Treasurer of the 
United States are shown to have been $7,500, and the corresponding disburse- 
ments $7,500; for all of which proper vouchers are on file and have been by us 
examined and found correct, thus leaving no balance. 


(Signed, ) D. WARD NORTHROP, Auditors of the 
WALTER A. RILEY, State of Connecticut. 


HARTFORD, CONN., Dec. Ig, 1900. 
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STATE APPROPRIATION AND SUPPLEMENTAL RECEHIPTS— 
RECEIPTS AND EXPENDITURES; 
RECEIPTS. 

State of Connecticut, - - - - = 2 : * e = & - $1,800 00 
Miscellaneous receipts, - - - ~ = = . : = - - 1,684 75 

$3,484 75 

EXPENDITURES 

Salaries, - - - Se Ue ey oe = elo - - B21 Oe 
Labor, - - - - - - : = : - - - - 403 86 
Publications, - - - - - = : _ = - - - - 45 23 
Postage and stationery, - - - - : - - - - - - 52 85 
Freight and express, - - - - - : - - - - - - 45 70 
Heat, light, and water, - - - “ - - - - - - - 130 47 
Chemical supplies, - - - - - - - - - - - - 91 32 
Seeds, plants, and sundry supplies, - . - : - - - - - 29 54 
Bacteriological investigations, - - - - - - - - - - 800 00 
Furniture and fixtures, - - - - 2 = - - - - - ~ 26 7a0 
Scientific apparatus, - ° - + - - - - - - - - 221608 
Live stock, - - - - - - - - - = - - - - 6 80 
‘Traveling expenses a-" 2.) fo = = 20S Set eee 12,30 





$3,484 75 





AUDITORS’ CERTIFICATES. 


We, the undersigned, duly appointed Auditors of the State of Connecticut, 
do hereby certify that we have this day examined the books and-accounts of 
William D. Holman, Treasurer of the Storrs Agricultural Experiment Station, 
for the fiscal year ending June 30th, 1900; that we have found the same well 
kept and classified as above, and that the receipts from the Treasurer of the 
State of Connecticut are shown to have been $1,800, and the corresponding 
disbursements $1,800; for all of which proper vouchers are on file and have 
been by us examined and found correct, thus leaving no balance. 


(Signed, ) D. Warp NorTHROP, (i Auditors of the 
WALTER A. RILEY, \ State of Connecticut. 


HARTFORD, CONN., Dec. Ig, Igoo. 


We, the undersigned, duly appointed Auditors of the State of Connecticut, 
do hereby certify that we have this day examined the books and accounts of 
William D. Holman, Treasurer of the Storrs Agricultural Experiment Station, 
for the fiscal year ending June 30th, 1900; that we have found the same well 
kept and classified as above, and that the receipts from miscellaneous sources 
are shown to have been $1,684.75, and the corresponding disbursements 
$1,684.75; for all of which proper vouchers are on file and have been exam- 
ined and found correct, thus leaving no balance. 


(Signed, ) D, WARD NorTuHRop, Auditors of the 
WALTER A. RILEY, State of Connecticut. 


HARTFORD, CONN., Dec. Ig, 1900. 


W. D. HOLMAN, 7Jreasurer. 





Report of the Director for the Year 1900. 





The principal inquiries now being conducted by the Station 
have to do with the nutrition of plants, animals, and man, and 
with the bacteriology of the dairy. During the year 1900 they 
have included experiments on the effects of fertilizers upon the 
growth and composition of plants, studies of the rations fed to 
milch cows, experiments upon the ripening of cream, studies 
of bovine tuberculosis, and investigations on the food and nutri- 
tion of man. ‘The objects, methods, and results of inquiries in 
these lines are given in this Report. Not all the work done 
during the year, however, is described in the present volume, 
as some of the results are not yet ripe for publication. On the 
other hand, some of the articles report the work of more than 
one year. 


riE PE DeAND POT EXPERIMENTS. WITH FPHERTILIZERS, 


Soil tests. —These tests have been carried on at Storrs contin- 
uously for eleven years upon the same field. The plan consists 
in dividing the field into parallel plots on which different fertil- 
izers are applied, and repeating the experiments with the same 
fertilizers on the same plots year after year, but with different 
crops—corn, potatoes, oats, and either cow peas or soy beans, 
grown ina four-year rotation. -The object of the tests is to 
get light upon the capacity of the soil to supply nitrogen, phos- 
phoric acid, and potash, the particular needs of the different 
crops for any or all of these ingredients, and the most economi- 
cal method of supplying them. From the results obtained 
during the eleven years on this particular field, it appears that 
the fertilizing ingredients most needed have varied with the 
crop. ‘That is to say, the peculiarities of the plant have had 
as much or more to do with deciding the demand for fertil- 
izers than any special deficiency of the soil. Cow peas and 
soy beans have been benefited by phosphoric acid and potash, 
but have paid little heed to nitrogen. Corn and oats have 
responded well to nitrogen, and both have been helped by 


8 STORRS AGRICULTURAL EXPERIMENT STATION. 


phosphoric acid, but neither has been much increased by 
potash. Potatoes have been benefited by all three ingredients, 
and especially helped by potash. 


Special nitrogen experiments.—Nitrogen in fertilizers may 
be of advantage in two ways: it may increase the total yield 
of the crop, and it may also increase the proportion of nitroge- 
nous compounds, 7. e., protein, in the crop. This latter effect 
of nitrogenous fertilizers has been but little understood in the 
past; the so-called ‘‘special nitrogen ’’ experiments carried on 
by the Station are helping to bring it out more clearly. The 
object of these experiments is to study the effects of the nitro- 
gen of different fertilizers upon the yield, and especially the 
composition of the crop. In making the experiments the crops 
are grown on a series of parallel plots, some of which are sup- 
plied with definite quantities of mineral fertilizers alone, while 
others have different quantities of nitrogen in addition to the 
minerals. The effect of the nitrogenous fertilizers upon the 
total yield of the crop is estimated by comparing the yields 
from the plots having the mineral fertilizers alone with the 
yields from the plots having the nitrogenous fertilizers in 
addition to the minerals. The effect of the nitrogen of the 
fertilizers upon the composition of the crop, and especially 
upon the proportion and amount of protein, is estimated in 
like manner by sampling and analyzing the crops from the 
different plots. “These experiments are carried out with corn, 
cow peas, and soy beans. They indicate that with the cereals 
the effect of the nitrogenous fertilizers is to increase not only 
the total yield of the crop, but also the proportion of protein, 
and thus, in a two-fold way, to increase their feeding value. 
With the legumes, on the other hand, the nitrogenous fertil- 
izers have very little effect upon either the amount or the 
composition of the crop. 

Experiments for the study of the effects of nitrogenous fer- 
tilizers upon the proportions of nitrogen in different species of 
plants have been made on a small scale in such a way that 
moisture and other external influences might be more com- 
pletely under control. In these experiments the plants are 
grown in pots by the use of the same kinds of nitrogenous and 
other fertilizers as are used in the plot experiments mentioned 
above, the total produce being weighed and taken for analysis. 
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Experiments with forage crops.—The object of these experi- 
ments, which have been continued at Storrs for several years, 
is to get light upon the fitness of certain forage crops for use 
in Connecticut. The experiments have had to do with the 
growth of these crops and the effects of nitrogenous fertilizers 
upon their growth and nitrogen content. Studies have also 
been made of their composition and digestibility and their com- 
parative value as fodders. 


Lxperiment on soil improvement.—In 1899 an experiment 
was undertaken to study and compare the economy of different 
methods of manuring for restoring fertility to a soil that ap- 
pears to be lacking in organic matter and in available nitrogen, 
such a soil as is commonly spoken of as ‘‘poor’’ or ‘‘ worn 
out.’’ This experiment is being continued. 


DAIRY SBACTERIOLOGY. 


For several years past Prof. Conn and Mr. Esten have been 
engaged in the study of the bacteria which grow in cream 
during its ripening. The results of this work are given in the 
present Report, and may be briefly summarized as follows: 

It is found that the bacteria which get into milk during the 
milking are quite numerous in variety. Of those which are 
present in milk and cream at the outset there are only very 
few which produce lactic acid, while there are large numbers 
of other miscellaneous bacteria. During the first twelve hours 
or more the miscellaneous bacteria increase somewhat rapidly. 
The few lactic bacteria which are present at the outset find the 
milk such a favorable medium for growth that they multiply 
more rapidly than the others, and soon surpass in numbers all 
the miscellaneous bacteria which at first were so much more 
abundant. The lactic bacteria continue to grow during the 
ripening, for about 24 to 36 hours, while the miscellaneous 
bacteria become less and less abundant. By the time the 
cream is properly ripened the lactic bacteria comprise usually 
98 per cent. of the whole, and in many cases they seem to have 
totally destroyed all other species. If the cream is allowed to 
ripen for two to three days the number of these lactic bacteria 
continues to increase until it frequently reaches one and one- 
half billion per cubic centimeter. After this they begin to 
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decrease rapidly in numbers, and a few days later only a few 
bacteria of any kind are left alive in the cream. 

There is thus apparently a battle going on in the cream 
between the different species of bacteria. In the first twelve 
hours the miscellaneous species continue to multiply. During 
this time the few lactic bacteria grow rapidly and soon obtain 
the upper hand, eventually destroying the miscellaneous forms 
almost entirely. Later the lactic bacteria themselves seem to 
be destroyed by the products of their own activity. 

These experiments by Prof. Conn are ina new field of inquiry, 
which it is hoped will ultimately give to butter-makers a more 
satisfactory explanation of the proper method of handling 
‘““starters.’’ ‘The experiments thus far have not indicated pos- 
itively which of the types of organisms are most concerned in 
cream ripening. ‘That the lactic bacteria play an important 
part in the ripening is evident, but there are reasons for believ- 
. ing that the multiplication during the first twelve hours of the 
miscellaneous bacteria, which do not produce acid, is a phe- 
nomenon of great importance in determining the character of 
the flavors and aromas of the ripened product. ‘The study of 
this problem is to be continued by the Station. 


BOVINE TUBERCULOSIS. 


The tuberculous cows which had been under observation in 
quarantine at the Station since 1896 were slaughtered during 
the past year. Some of the calves that were being fed upon 
the milk of these cows were kept for several months after the 
cows were killed, in order to observe whether any secondary 
cases of tuberculosis would develop among them. With the 
slaughter of these calves the study of bovine tuberculosis with 
these animals comes to an end. An article summarizing the 
results of the tests and the conclusions from them will be pre- 
pared. 


FREDING EXPERIMENTS WITH DAIRY HERDS. 


The studies of rations fed to milch cows, and their effects 
upon the milk production, have been continued during the 
past year. The object of these experiments is to learn how 
representative dairy farmers in different parts of the State feed 
their cows, to compare their methods and the results obtained 
by them with the methods and results of experiments elsewhere, 





REPORT OF THE DIRECTOR. Ores 


and make suggestions for improvements. At the same time 
the experiments bring new and valuable information regarding 
economical feeding of cows for the production of milk and 
butter. The experiments of the previous years have pointed 
quite clearly to the value of rations with a narrow nutritive 
ratio, that is with large proportions of protein, for the produc- 
tion of milk and butter. Wherever a wide ration has been 
found in use an increase of the nitrogenous feeding stuffs has 
been proposed, and usually with profitable results so far as the 
short experiments indicated. It is encouraging to observe that 
these facts are apparently becoming more familiar to dairy 
farmers. Ina number of cases, during the experiments of the 
past year, the ration in use was found to be so well balanced 
that but little change could be suggested, and the results of 
the tests as regards improvement in production of milk or 
butter were consequently less marked than in former years. 


FOOD AND NUTRITION OF MAN. 


The inquiries on the food and nutrition of man carried on 
by the Station in cooperation with the United States Depart- 
ment of Agriculture for several years past have been continued. 
These include analyses of food materials, studies of dietaries 
of different classes of people, digestion experiments with men, 
determinations of the fuel values of food materials, and expe- 
riments with men in the respiration calorimeter. With the 
exception of the dietary studies, investigations in each of these 
lines have been made during the past year. The determina- 
tions of the composition, digestibility, and fuel values of food 
materials were made in connection with the metabolism expe- 
riments with men in the respiration calorimeter. Twelve 
metabolism experiments were made during the past year, the 
details of which will appear in other publications. Some of 
the results of the work are given in the present report. Ar- 
rangements are now being made for similar experiments. with 
domestic animals. 


ANALYSES OF FOODS, FEEDING STUFFS, ETC. 

In connection with the inquiries of the Station, a large num- 
ber of chemical analyses are required. These include analyses 
of crops grown in the tests with fertilizers, and of foods and 
other materials used in the metabolism experiments with man. 
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In addition to the chemical analyses of the various foods, 
feeding stuffs, etc., the heats of combustion of a large number 
of specimens have also been determined. 


METEOROLOGICAL OBSERVATIONS. 


The usual observations of temperature, barometric pressure, 
wind velocity, humidity and precipitation have been made at 
Storrs. In addition, records of rainfall during the growing 
season have been made in other places in different parts of the 
State by farmers who have cooperated with the Station. 


HXHIBIT ‘OF THE STATION AT THE PARIS ANDSBUEEALe 
EXPOSITIONS. 


The exhibit prepared by the Station for the Paris Exposition 
of 1900, consisting of a cabinet of forty-eight cultures of bac- 
teria isolated from various dairy products, prepared by Prof. 
Conn,.a bomb calorimeter with all its accessory apparatus, and 
a model of the respiration calorimeter, were returned from 
Paris and have been installed with the exhibits of other Expe- 
riment Stations and the Department of Agriculture at the Pan- 
American Exposition at Buffalo. In recognition of. the value 
of the researches represented by the exhibit at Paris, a gold 
medal was awarded to the Director of the Station. 


DISSEMINATION OF INFORMATION. 


Considerable attention is given to the dissemination of the 
results of the work of the Station. Annual Reports and Bul- 
letins are published and distributed throughout the State and 
elsewhere. The Reports contain the more technical details of 
the investigations for permanent record and for the especial 
use of those particularly interested in such matters, while the 
Bulletins are of a more popular nature and present the practi- 
cal side of the results of the work. The latter are printed in 
larger numbers than the former. During the past year a Bul- 
letin by-Prof. Phelps on the ‘‘Soy Bean as a Forage ee 
was issued. 

The Station has also an extensive correspondence, letters 
being written in answer to questions concerning the work 
which come not only from Connecticut and other parts of the 
United States, but also from foreign countries. In addition to 
this, members of the Station Staff give frequent lectures and 
addresses before institutes, conventions, and other meetings of 
farmers and dairymen. 

W. O. ATWATER, Director. 
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THE OBJECT OF THE EXPERIMENTS. 


Experiments upon the ripening of cream that have been 
carried out in this laboratory and elsewhere in past years have 
been confined largely to efforts to separate from milk or cream 
different species of bacteria, and then by inoculating pasteur- 
ized cream with pure species of the isolated organisms, to 
determine the influence that each species might have upon the 
cream if acting alone. ‘These experiments have resulted in 
showing that different milk bacteria vary decidedly in their 
influence upon ‘the character of butter. Hitherto, however, 
no description has been given of careful experiments showing 
the exact bacteriological condition of normal cream before it is 
ripened, or the change in bacteriological content that occurs 
during the ripening. 

The object of the experiments here described has been to 
. determine so far as possible the types of bacteria which pro- 
duce the ripening of cream under the zorma/ conditions of a | 
Connecticut dairy. Manifestly there is an advantage in de- | 
termining the actual changes that occur in cream in normal 
ripening; and for practical purposes the results of these inves- 
tigations may possibly be of more value than those of expert- 
ments with pure cultures. They may be of importance in at 
least two ways: First, they may settle the question over which 
there has been some dispute, as to whether the acid organisms 
alone are concerned in cream ripening, or whether the non- 
acid species may assist in producing good butter; and second, 
they may be of aid in determining how to handle starters, by 
pointing out a more satisfactory method of obtaining artificial 
cultures for cream ripening, which shall produce results more 
in harmony with those desired than are obtained by the use of 
any culture now employed by dairymen. 

Probably the reason that such experiments have not been 
undertaken hitherto lies in the extreme difficulty in carrying 
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them out with any degree of satisfaction. It is exceedingly 
dificult to determine the types of bacteria in a culture contain- 
ing so many millions of organisms per cubic centimeter as are 
found in ordinary cream. The work involved is excessive and 
the results obtained seem to be rather small. The experiments. 
which formed the basis of this article have occupied a consid- 
erable portion of the time for three years in the bacteriological 
work in this laboratory. But although they have been ex-. 
tended over such a long period, the results are not yet wholly 
satisfactory. The experiments particularly described below 
number about forty, but this represents only a very small part: 
of the total number. The early experiments were of use only 
in suggesting problems and in pointing out methods of work, 
and inasmuch as they were of no especial significance in the 
general result, because of imperfect methods, they have been 
wholly omitted from our descriptions. After a moderately 
satisfactory method was determined further tests of cream 
were made in large numbers, and they have yielded quite 
constant results, with certain exceptions, which will be noted. 
The constancy of these results, which have been obtained now 
in two score or more of similar experiments, leads to the con- 
clusion that, in spite of the necessary imperfection of the- 
method, the results may be relied upon as expressing approxi- 
mately the truth in regard to the problem studied. It should. 
be added that the methods that are employed are being con- 
stantly improved, and at the present time a greater accuracy 
is possible than in the earlier part of the work. ‘The experi- 
ments are still going on and will be continued for some time. 
longer, but it has been deemed wise to publish at this time the 
general result of the work of the last three years upon this. 
subject. : . 

The significance of this series of experiments may be under- 


stodd from another consideration. As is well known, there 


have been put upon the markets in the last ten years quite a 


large number of pure cultures for cream ripening, some of 


which have been used very widely. In the countries of north- 
ern Europe the use of such pure. cultures has rapidly extended, 


and in Denmark it is practically universal. But although quite. 
a number of such cultures have been used, there is no one of 
them which produces results that are wholly satisfactory, at 
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least to the American market. In general it may be stated 
that the cultures used produce a good quality of butter, but 
one with an extremely mild flavor and aroma. Such butter 
does not possess the character of the best type of butter ripened 
by natural conditions. It has been believed that the reason 
for this is that the normal butter flavors are not produced by 
any one type of bacteria, and that consequently the taste of 
butter ripened under natural conditions and, therefore, under 
the influence of a considerable variety of bacteria, is better 
than that produced under the infiuence of a pure culture which 
is a single species. This has been, however, up to the present 
time wholly a matter of theory, for no one has studied the 
ripening of cream under zovmal conditions sufficiently to know 
whether or not there is a multiplication of a large number of 
types of bacteria, or whether in reality the ripening is pro- 
duced by a single species. If this question can be settled, 
manifestly it will contribute largely toward enabling bacteriolo- 
gists to improve the types of cultures which can be used for 
artificial cream ripening. 


METHOD OF EXPERIMENT. 


_ The experiments upon which this paper is based were per- 
formed upon cream obtained from two creameries and four 
private dairies. Each creamery experiment was performed as 
follows: A visit to the creamery was made at such time as 
made it possible to obtain a sample of the cream freshly brought 
into the creamery, and, therefore, just before it is set for 
ripening. The cream sample was put upon ice, was at once 
carried to the laboratory, and was plated as soon as possible, 
always within two hours of the time of collection. Before it 
was plated the cream was diluted commonly with 100,000 
to 250,000 parts of sterilized water, though with very fresh 
cream smaller dilutions were used. These dilutions, of course, 
were very large and introduced certain errors, but they were 
found necessary to make possible a satisfactory determination 
of the number of bacteria on the plates. Upon the next day 
a second visit was made to the creamery and a sample of the 
same cream ripened was obtained just before the time of churn- 
ing. This was in a similar way placed upon ice, brought to 
the laboratory and plated. In this way two series of plates 
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were made from the same lot of cream, before and after ripen- 
ing, and they could, therefore, within the necessary limits of 
such experiments, be directly compared with each other. | 

After a little experimenting it was found that results identi- 
cal with these could be obtained if a small amount of the un- 
ripened cream, about a pint, was brought to the laboratory and 
allowed to ripen there at a temperature similar to or slightly 
higher than that at which the cream ripened in the creamery. 
A sufficient number of comparative experiments were made to 
show that the results of the ripening in the two cases were 
practically identical; therefore in the later experiments the 
ripening was always performed in the laboratory rather than 
in the creamery. 

The culture medium used was a gelatin nutrient solution 
to which had been added three per cent. of milk sugar, inas- 
much as it is found that the milk bacteria grow much better 
in a milk sugar medium. While the materials were being 
boiled in preparing the solution there was added about three 
per cent. dry litmus to the mixture, which gave a moderately — 
blue color to the gelatin solution when finally completed. 
Occasionally plates were made of ordinary gelatin without 
milk sugar or litmus, for comparison, in order to determine 
whether any larger number of bacteria developed in the milk 
sugar gelatin than in ordinary gelatin. There was found to 
be very little difference between the numbers on the two sets 
of plates, although the cultures were larger and more robust 
in the milk sugar gelatin. | 


GROWTH OF BACTERIA DURING CREAM RIPENING. 


The first point to be noticed was the actual number of bac- 
teria found in the unripened and the ripened cream. In the 
following tables are given the results of such experiments with 
cream from three different sources. 


Cream from private dairy.—Cream of three or four days’ 
gathering was placed in a cellar each day as collected. About 
twenty-four hours before churning it was brought from the 
cellar and placed in a room near a stove, where it gradually 
warmed to about 70° F. No definite temperature of ripening. 
First samples were taken of cream when brought out to ripen, 
and second samples when just ready to churn. 
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Number of bacteria in unripened and ripened cream. 








DATE. 


In 


unripened cream. 


In 
ripened cream. 





Pervenc: Pericyc: 
November, - - - - - 87,000,000 400,000,000 
January Io, - - : - . a 187,000,000 


January 12, 
January 23, 
January 26, 








135,000,000 
88,000,000 
132,000,000 





203,000,000 
145,000,000 
390,000,000 


* Too small to be calculated with the dilution used. 


Cream from small creamery.—Cream from several farmers 
collected every day. ‘Iwo days’ collection kept in a vat for 
about twelve hours after being warmed with steam at a tempera- 
ture varying with conditions from 65-70° F. First samples 
were taken just before ripening began, placed at low tempera- 
ture (45° F., or were sometimes frozen), and were kept at this 
temperature about twelve hours before plating. Samples of 
ripened cream were plated at about time of churning. 


TABLE. 2° 


Number of bacteria in unripened and ripened cream. 








In In 


DATE. unripened cream.| ripened cream. 





FPericae Pen cac 
-February 13, - - . - = 23,000,000 65,000,000 
February 16, - = - - 3,600,000 269,000,000 


February 21, 
February 22, 
February 27, 
March I, 
March 3, 
March 4, 








180,000,000 
220,000,000 
I, 100,000 
T,500,000 
5,500,000 
15,000,000 





485,000,000 
468,000,000 
400,000,000 
578,000,000 
486,000,000 

50,000,000 


Cream from large creamery.—Cream from many dairies col- 
lected every two days. Reached the creamery about 12 0’clock. 
Sample was taken at once, placed on ice, and plated about 3 
p.m. Mixed cream in creamery was warmed to about 65° F., 
and ripened about twelve to twenty-four hours, after which 
second sample was taken. 
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TABLE 3. 


Number of bacteria in unripened and ripened cream. 








\ 
| 





Temperature | In In 
DATE. during time of unripened | ripened Remarks, 
ripening. cream. cream. 
Renee | Per esc: 

ICT 2 | c= : ees - | I25,000,000 | 350,000,000 — 
Maya22, 1.645 tom20 diss, 56,000,000 | 354,000,000 a 
May 26, | 64-68°, 20 ‘* | 60,000,000 | 320,000,000 | Good aroma. 
May 29, | 66", oi 186,000,000 | 295,000,000 | Good aroma, gas. 


6 


214,000,000 | 380,000,000 | Good aroma. 


July 2,*| 60-70°, 16 
{ Good aroma, thick, 


July 5,*| 63-65°, 16 ‘‘ 178,000,000 | 392,000,000 ) slightly acid. 
NEMO PTe eiare lity B 63 1 by Paces 67,000,000 | 190,000,000 | Good aroma, acid. 
halve 6, © ire 163. 134,000,000 | 243,000,000 — 
tly. oof lee Dive 75,000,000 | 286,000,000 | Slow ripening. 
July 2, | - - > - | II5,000,000 | 428,000,000 — 

Octer 13,7, 08.5 elope 72,000,000 | 291,000,000 — 

Wet. 30°) FO-Onrres. 107,000,000 | 199,000,000 — 


Nove ..4; 


¥ ss adie S 39,000,000 | 234,000,000 a 
ec. 8, 60-70 , 29 


A 4,000,000 | 238,000,000 — 
Dec. II, | 60-70°, 24 35,000,000 | 200,000,000 — 
Oct. 19, | 60-70°, 24 39,000,000, | 380,000,000 — 
cen 20-. POO. i ey 115,000,000 | 297,000,000 | Ripe when collected. 
INGVe) 255 )°= - - - | 158,000,000 | 355,000,000 -- 


| | 


ce 


Ge 

















* Hot weather. 


From these tables it will be seen that the number of bacteria 
present in the unripened cream is very much more variable 
than that present in the ripened cream. In the unripened 
cream the number was sometimes as small as one million per 
cubic centimeter, and in one case it was so small that it could 
not be determined with the high dilutions which were used. 
At the other extreme we have one sainple of unripened cream 
collectedin February with 220 million bacteria per cubic centime- 
ter. Inthe other experiments the figures range between these. 
The significance of this fact is, of course, simply that the cream 
as collected in the creamery, which we speak of as unripened, 
is really in different stages of ripening by the time it reaches 
the creamery. The samples with large numbers of bacteria 
are already well ripened, while those with small numbers have 
only begun their ripening process. 

The number of bacteria in the ripened cream varies far less. 
The smallest number found was 50 millions; the largest num- 
ber, 578 millions. While this difference is of course in actual 
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numbers a large one, the proportionate difference is very much 
jess than in the unripened cream; one sample of unripened 
cream, for instance, containing two hundred and twenty times 
as many bacteria as another sample, while the largest number 
in the ripened cream was only about eleven times as great as 
the smallestenumber. 

The only conclusions of any significance from these facts are 
that the cream received by creameries is in various stages of 
ripening, and secondly, that the number of bacteria in ripened 
cream does not run much over 500 million per cubic centimeter. 
In the well ripened cream this number is rarely surpassed. 


INCREASE OF ACID PRODUCING ORGANISMS. 


The next problem was to determine the proportion of species 
producing acid to those not producing acid. This determina- 
tion is quite easy by the use of the. litmus gelatin, in all cases 
where liquefying organisms are not present in great abundance. 
If the plates are allowed to grow for three or four days every 
acid producing organism is easily determined by its being sur- 
rounded by a red halo where the litmus has been changed by the 
acid. Itis avery easy matter to go over the series of plates 
and thus determine the proportion of bacteria producing an 
acid reaction. The results of about twenty-five experiments 
in regard to this problem are shown in the following table. 
This table includes only results with cream from two cream- 
eries, the results with cream from the private dairies being 
given on a later page. | 

It will be noticed from Table 4 that in most cases the per- 
centage of acid organisms increased during the ripening. In 
the unripened cream the percentage of acid organisms is quite 
variable. The lowest percentage given in the table is 66. 
From 66 per cent. the proportion of acid organisms varies to 
as high as 100 per cent. in a single specimen. In most cases 
the percentage of lactic organisms in the unripened cream is 
over 95 per cent., and not infrequently as high as 99 per 
cent. 

The ripened cream; on the other hand, shows uniformly a 
higher percentage of acid organisms. In each of the experi- 
ments (with one exception) given in the table the number of 
acid organisms is over 97 per cent.; in all but four it is over 99 
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per cent., and in most cases it is closely approximating 100 per 


cent. Even in experiments where the number of acid organ- 
isms in the unripened cream was lowest the number present in 
the ripened cream has risen to 98 and 99 percent. ‘This, of 
course, indicates that, in these experiments at all events, the 
ripening has consisted essentially in the growth of organisms 
producing some kind of acid, at the expense of those giving an 
alkaline reaction or no reaction at all. 


TABLE 4. 


Percentage of acid organisms in cream from two creameries. 




















Tae In unripened In ripened 
cream. cream. 
Small Creamery. % % 
Rebs 13; - - - - - - 98.0 99.0 
Feb. 16, - - - - - - 94.0 99.0 
Feb. 20, - - : : = = 98.5 99.0 
Feb. 22, - - - - - - go.O 99.0 . 
Feb.:27, - - = - . 2 66.0 99.0 
March?1, >” - - - - - - 75.0 98.0 
March 3, | -~ - - ‘- - - 99+ - 99+ 
March 4, — = : . - 2 Pol 100.0 100.0 
May i2e gC) eae See eo ee me 99.7 99.9 
May 26, - - : - - - 99.2 99.8 
Large Creamery 
May 29, - - - - - - 96.0 99.6 
june-2, - - - - - 99.2 99.8 
June 5, - - - : - - 99.5 100.0 
ME L257) oy Te Sue pe 99.5 99.9 
June 16, - - - - - - 98.5 99.2 
JUDE 49, = - - - - - 98.0 99.7 
June 22, - - - - - - OR 99.6 * 
SO Cy are ere pet ee yh Te 97.5 90.5 
Oets 50, mk - . : - 99.3 99.6 
EVOVIOS)).) uk Rat die Sh ee 99.3 99.6 
IB Oeobe - - - - . - go .0 99.5 
et, 19, - - - - - - 74.0 98.5 
Oct? 26, - - - : - : 95.0 OF a7 
Nov. 2, - - - - - - 98.0 O77 














SPECIES OF BACTERIA. 


We next made an attempt to determine more accurately the 
species of bacteria which are chiefly concerned in the normal 
ripening. ‘This has been the most difficult part of the work 
and one in regard to which we have as yet the least satisfac- 


tory results. ‘The difficulty of determining with any degree of 


rae . 
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accuracy the species of bacteria present in cream when the 
total number mounts up into the hundreds of millions per 
cubic centimeter is very great. It can of course be accom- 
plished only by the study of the colonies upon the gelatin 
plates and differentiating these as well as possible. After long 
experimenting we found it possible to do this to a certain 
extent. When the plates are made with milk sugar-litmus 
gelatin there are four types of acid colonies produced. One 
of these is that characteristic of the common B&B. acid lactict 
(No. 206 of our list described in a previous report*), easily 
recognized from its being intensely acid, robust, growing under 
the surface of the gelatin, but not on the surface, and showing 
on its edge minute radiating projections. A second (No. 202 
of our previous list), is an extremely minute colony, also grow- 
ing under the surface of gelatin, commonly transparent and 
smooth and intensely acid. The third (No. 208 of our list), 
is B. lactis aerogenes, and is characterized by an extremely in- 
tense acidity, a very robust, large colony with a dense surface 
growth, and frequently producing gas bubbles. These three 
are readily distinguishable. A fourth acid type we have been 
obliged to refer to as miscellaneous acids, for it consists of all 
colonies showing acid reaction but not having the type of one 
of the three mentioned. In our experiments, the colonies of 
this fourth class have been few in unripened cream, and almost 
never present in the ripened cream. ‘Their numbers are so 
small that they have been omitted in the following tables. 
The acid bacteria of ripened cream, in other words, consist of 
a mixture of the three organisms referred to, Nos. 206, 202 
and 208. So large a proportion of the bacteria present in 
ripened cream do these three organisms form that all others. 
must be regarded as incidental. 

While these three species have thus shown themselves very 
abundant and easy to differentiate, we are by no means con- 
vinced that this classification represents three distinct species. 
Indeed, we have abundant evidence that each represents a type 
rather than a species. As is explained in a previous publi- 
cation,+ there are numerous varieties of the B. aczdz lactict, 
varying in several points, especially in the amount of acid 





* Report of Storrs Station, 1899. 
+ Idem. 
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produced. ‘The same is even more distinctly true of No. 208, 
for the organisms that we have in these experiments regarded 
as B. lactis aerogenes show variations too great to allow us to 
regard them as a single species. A more careful differentia- 
tion of this type of bacteria is to be undertaken in our labora- 
tory, but in these cream ripening experiments any further 
differentiation has been impossible. 


In addition to these there is in ripening cream a fifth group 
of bacteria which we have in general called Miscellaneous. 
They agree only in not producing acid. Commonly they pro- 
duce a solution with an alkaline reaction, although sometimes 
there is no reaction. Some of them liquefy the gelatin while 
others do not. They consist of quite a number of different 
species, comprising more varieties than the acid bacteria. 
From the tables it will be seen that the number of these 
miscellaneous bacteria is very small in ripened cream, a fact 
which led us to believe at first that they have little to do with 
the cream ripening, although later experiments have made us 

-doubt the correctness of this conclusion. 


Table 5 gives the results of experiments with cream from a | 


large creamery, extending from October to May, 1900, and 
two experiments in January, 1901. The results are expressed 
in percentages instead of in actual numbers of bacteria. 




















ABLE SS, 
Percentages of chief types of bacteria in cream from a large 
creamery. 
IN UNRIPENED CREAM. | IN RIPENED CREAM. 
as 6 | SP] 3 Cais o 6.3 OSE. Ceetuaeeee 
late ree at # \z 
‘ ete wee et Se 
MEN 26: Nao. i Seb Pe 86 | 6a eho 
Wetuula, i. : 51.6)10.4| 1.9/64.3/35.7 63.6/35.6] .5199.7]. .3 
Oct 265. - 77.0/14.3] 3.5/94.8] 5.2 73.0|24.0] .7/97.7| 2.3 
WOVce25 25 - 71.0/23.0) 3.9|97.9) 2.1/77.5/19.0/1.1|97.6| 2.4 
Oct.430,.u- = 50.0/35.0/10.0/95.0] 5.0 55.0/41.0]2.5/98.5| 1.5 
March 23, - 44.0] 2,0} 6.0/50+|50—'88.0/10.0] ? |g8+]2 — 
May 4, - - 5220873 2.087.0/13.0 66.0/26.0 .2|}94.0| 6.0 
Jan. Ig, - - 33.0)/12.0| 7.0/52.0/48.0/77.0)17.0] .5/99.0| 1.0 
Jan. 28, - - ae 9.0 84.0/14.0 89.0 ? .2/91.0| 9.0 
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From this table five important results may be noticed as 
follows: 

I. Inallof the experiments recorded there has been, dur- 
ing the ripening, an increase in the percentage of acid produc- 
ing bacteria. Whereas the number in the unripened cream 
varies from 50 to 97 per cent., the number in the ripened 
cream in no case falls below g1 per cent. and is commonly 
from 97 to 100 per cent. 

2. ‘There isa nearly uniform increase in the percentage of 
the common lactic bacteria No. 206 (2. acidi lactict ). 

3. There is usually an increase in percentage of the second 
common lactic bacteria No. 202. 

4. ‘There is generally a slight decrease in the percentage of 
the No. 208 (8B. lactis aerogenes), which, though common in 
all samples, does not occur in very large numbers. 

5. The Miscellaneous alkaline group of bacteria in these 
experiments forms a much larger per cent. than in the experi- 
ments of Tables 1-4, but there is a universal decrease in their 
percentage during the ripening. 


In order to compare these results obtained with the cream 
from a creamery with those obtained with cream from a pri- 
vate dairy, the results of three preliminary experiments made 
with cream from two small dairies are given in the following 
table. The cream from the dairies was gravity cream and 
therefore not so fresh as centrifugal cream would be, but was 
fresher than the cream obtained from the creamery. 
































TABLE 6. 
Percentages of chief types of bacteria in cream from private 
datrtes. 
IN UNRIPENED CREAM. IN RIPENED CREAM. 
Psa ia ola 
D , * A= S& ° . ° Pas Ss 
cat Soe ei eee tee eee Pes 
: Ly oe) ° : a = (oe) 
° Or Mees) fs HR 0 2a ° ° OF Pe Be 1h O 
CIE Ay eer Ws Wes te We ial ils ooh Sie 
Tego ee Fos POR ree (ord Were A een ore 
Blan memes | eo dma EBS Oo 2 ORF O3 OO [ee T Os) OF 123 
Jan 23,.0°= - - - Oil nem oe leid gi | 86 | 12 | —|] 98 2 
reps, sa - - - LO ac ban oF astral 99 | 59 SNe! 00a ae 
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In comparing the experiments in Table 6 with those given 
in Table 5, two very striking differences are to be seen: 

1. The number of acid bacteria present in the unripened 
cream from the private dairy is extremely small. In these 
three experiments the proportions of acid bacteria were re- 
spectively 7, 9, and 1 per cent. The actual numbers were also 
very small. 

2. On the other hand, the number of miscellaneous bacteria 
in the cream from the private dairy was very large, the pro- 
portions being 93, 91, and 99 per cent.; while in“ thercream 
from the creamery the proportions were much smaller. 


The interpretation of these phenomena is very evident. It 
simply means that in these three experiments with cream from 
the private dairy the cream was obtained in a very much 
fresher condition than that which was found in the creamery. 
It was taken directly from a Cooley creamer in each case. 
The great contrast between the samples of unripened cream 
from the private dairy and those obtained from the creamery 


confirms the view that the cream as it is obtained in the cream-- 


ery is always in a partially ripened state, and that in order to 
understand completely the process of ripening, attention must 
be turned to fresh cream. Such fresh cream can be obtained 
only from private dairies. This conclusion has led us to un- 
dertake a series of experiments of quite a different character. 


RIPENING OF CREAM FROM PRIVATE DAIRIES. 


Experiments have been carried on with the cream from four 
private dairies. The cream was separated by the gravity 
method in all cases, but was always obtained in a much fresher 
condition than in the earlier experiments, being the freshest 
obtainable. ‘The first series of plates were made within two or 
three hours from the time the cream was separated from the 
milk. ‘That it was quite fresh is indicated by the compara- 
tively small number of bacteria present, as shown in the first 
line of the first column of Table 7. In some cases the number 
of bacteria was so small that with the dilutions used they could 
not be satisfactorily estimated. After the first plates were 
made the cream was set to ripen at a normal ripening temper- 
ature, about 68° to 70°. A second plate was made at the end 


a 


ya 
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of 12 hours, another in 24 hours, and others at intervals of 12 
hours for a period covering 84 hours. ‘Thus eight analyses 
were made of each sample of cream at intervals of 12 hours. 
It was thought that the study of the series of plates thus made 
would give a picture of the changes that take place in the 
cream during its ripening, and would show more satisfactorily 
than any isolated experiments the bacterial development in 
the cream ripening. The following table represents the re- 
sults of nine experiments of this sort performed with cream 
from four different dairies. It will be noticed that whereas 
there are some points of difference in the numbers, the general 
results of the analyses in all cases are practically identical, a 
fact of especial significance since they extended over five months 
(February to June) and were from four dairies. 

An interrogation point inserted in the table means that the 
number of bacteria in question was so small as to fall below 
one per cent. Sometimes they were wholly absent, and always 
too few to be included in the general averages. 

The organism indicated by an N. in the heading of the third 
column was a very common, non-liquefying bacterium which 
produced an alkaline reaction. As shown by the table it was 
always present in the unripened cream, but disappeared almost 
completely in a few hours. 

The cream in the last three experiments developed a typical 
June aroma and flavor. In experiment No. 7 it was partly 
ripe when received. In the others a great growth of liquefiers 


is seen in the early ripening. 
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TABLE 7. 


Variations in the proportions of the different types of bacteria 
during ripening. 
























































PROPORTION OF DIFFERENT TYPES OF 
BACTERIA IN THE CREAM. 
EXPERIMENT, DATE | poms nemees y 2% 
bacteria per on | Oe w 
AND AGEOF CREAM. | ., : ar ioesby |e Ta ae 
cubic centimeter.| G5 | 4 eae BL a YS 
Paseo) Se (ee 
3° USB] ca 0 ae 
Z 
aie da Sede | we | «| | mw | % 
Fresh, . - = 2,300,000 | 4.5 | 88.0; — 7.5 | — a 
52 hours, - - - 47,000,000 | 2.0! 16.0 | 23.2 | 37.4 | — | 21.4 
24 hours, - - - | 261,000,000 I.4 | 15.0 | 50.5 | 21.9| — | 11.2 
36 hours, - - - | 417,000,000 9 |. 2.4 )-O400) S120 Oe 
46 hours, - - - 56,800,000 | 1.6] 11.3 | 84.8 ts) 5) E26 
7O NOUrS. - - - 68,000,000 ? 7198.5 : — 8 
Experiment No, 2. 
April 10, rgo0r. | | 
Fresh, = . BES, 1,700;000 |-10.7 | 81,0 } 26.1 2:23. >= ae 
T2;hours,.3- - = 79,000,000" | °1.6: P1258 176,80 cesta. ae 6.0 
Za hours, - 7, Hy —|/—|;—};—}]—] — 
37 hours, - - - 911,000,000") 9 —> 435) 99024 Soh. r= as 
48 hours, - - - | 605,000,000 21 -7199.2| — — — 
60 hours, - - = i 817,000,000 2 Pa O75 i 255 2 
TAVOUTS. are = - | 438,000,000 ? fdO025 fer iten cts ? 
84 hours, = - - | 408,000,000 ? Pan SENT) 2 6.0 ? 
Experiment No. 3. 
April 27, rgor. | | 
Fresh (12 hours), at 6,700,000-| 2.4 35.5 | 56.1] , <7 | — eee 
12 hours, - - a Te 66,600,000 oT 19. So 7270s er ee g.I 
24 hours, = - - | 280,000,000 4 |} 10.974 98.6 (2.35 yo S52 
36 hours, - - - 450,000,000 ? 3.9.) 83.34 - 1)5) Pee 
48 hours, - : gO5 ,000,000 ¢ 2.8 | 89.3 Ae eee: ? 
60 hours, - - - 666,000,000 : 1:71 1400-3 ae hee ? 
22 hOUrS,” = - - | 555,000,000 ? 2:2) }.8953 ? 10.5 c 
84 hours, - : ai |) 8 Re*GOO,OGOG. 7 “7 177.01 S = 4) 2235 
Lixperiment No. 4. | 
february 19, 190t. 
Fresh (3 hours), - TQ5;700 “O74 6G 2a0) 6 2a ? 3:6 
£2. DOUTSy <4» : . 44750,000- 4-13.85) FOrasoan alone Cin hehe 
24 hours, - - wee 59,000,000 i 2h Ti) 34S ta peal eee Ocoee Toat 
20 hours, = - 5 528,000,000 Th a7) QO.2a° <5e0 ? 2 
48 hours, - - - | 1I,023,000,000 nies telly 2, Osment 1.0 2 
60 hours, - e - 994,000,000 bt 9:03.21: 3. On aoe ? 
“72 hours: = - - | 687,000,000 Ite 178); SO:O4U- 2 Salas ? 
84 hours, - - - | . 420,000,000 6-| 2.0 182.3) 291 |) 14am 











* Too many liquefiers. 
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PROPORTION OF DIFFERENT TYPES OF 


BACTERIA IN THE CREAM. 
































EXPERIMENT, DATE pete saat of 2 23 
AND AGE OF CREAM. Raster ia Lee be os 4 : ‘ sg 
cubic centimeter.| ‘9 5 tym} oS a % 5 
Sajlogs a a nN nv 
Bet oak eee : eae 

= tas —Q ~Q ~Q = 
Lxperiment No. 5. ox oy, x“ 4 i, o 

March 7, rgor. | 
Fresh, - - - AA,420)) 18:0.) 53.0 1.10, 5) G,0qy a en Ea 
12 hours, - - : 309,000" 1753 \094h7 qo BO War wer ae 
24 hours, - - - EA-200, O0OHELICOur 3804-1. 2OLOU TO. Ane Sec 
36 hours, - - - 303,000,000 PO. TsO OG. Our bya ee eee 
48 hours, |- - - I,500,000,000 * I HEOO. Pee Roo ee i 
60 hours, - - . I,344,000,000 | — 2k BocO als tae i 
g2 ours, = = - I,245,000,000 | ? ¢. 59.0 tT Vit ? 
84 hours, - - - 774,300,000 ? 25 USO a Bot ei LOY Sr haere 

Lxperiment No. 6. 

May 7, rgor. 

Fresh, - - - SBE COO TO. O22, | Si1r 27") OO puree page 
12 hours, - - - AFOO OOO") h1. Li 22:0-4.01.0 ). 200g 3.9 
24 hours, - - - 92,000,000 EO br 3.5 16028 |) Cleo Ses 
36 hours, - - - 440,000,000 22 “3 60. ONT, O20. e 
48 hours, - - - 551,000,000 ? fi) 6920 Fe eh 8, ? 
60 hours, - = = ? POOH 2? | 40.0 ? 
Ho Hours, = : a 342,000,060 ? Pe JER SLo ideo ? 

Lixperiment No, 7. 

Sune II, 1901. : 
Fresh, % : 36,000,000 | .2/| 29.0) 55.0] 2.5 | — | 13.2 
©. hours; .- - - 406,000,000 2 BiS 7070 We 27a he Ite ? 
24 hours, - A = I 082,000,000 ? Lida OOrO Wyte 2 Ue Loss ? 
36 hours, - s = 1,663,000,000 2 .6 | 86.1 RH ? 
48 hours, - : : 759,000,000 ? £71, 00:6 A oO fe 
60 hours, - gE : 569,000,000 ? .8 | 66.5 8 32.7) — 

Lixperiment No, 8. 
June 4, 190r. 
=a tesh, - - - 150,000 Pel 4OsOrk 1626 491-7.0: hea aus 
12 hours, - - - 3,000,000 | Liquefiers prevent determination. 
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The important facts shown by these tables may be briefly 
summarized as follows: 


1. A small number of bacteria in the cream at the begin- 
ning of an experiment indicates that the cream was tolerably 
fresh. ‘There was, however, considerable variation in the 
number in different experiments, varying from a number so 
small as to be impossible to estimate with the dilutions used, 
up to about thirty-six million in the specimen containing the 
largest numbers. It should be stated that the different dairies 
tested showed a tolerably uniform difference in this respect, 
cream from some dairies having always a small number and 
that from others a larger number, a fact which was parallel 
with the care exercised in the handling of the cream at the 
dairy. 

2. There is in all cases a constant and rapid increase in the 
number of bacteria during the ripening of the cream, continu- 
ing for 36 to 48 hours, or sometimes 60 hours. ‘The numbers 
reached at the time of maximum growth, as will be seen from 
the tables, are enormous. In the fifth and seventh experi- 
ments, for example, within 48 hours there were a billion and a 
half bacteria per cubic centimeter. It should be here noticed 
that these numbers are far in excess of anything ever reported 
elsewhere for natural media. So far as we know the number 
of bacteria in no other natural medium ever examined by bac- 
teriologists begins to approach the number found in cream 
ripened for 36 to 48 hours. 


3. ‘The number of bacteria present at the maximum is quite 
independent of the number present at the start. In the second 
experiment the number at the start was less than two million, 
but within 48 hours the number was about as great as in any 
other lot tested. In the first experiment the number at the 
start was over two million, while the maximum number was 
only about one-quarter that of experiment No. 2. Some of 
the other experiments illustrate the same thing perhaps more 
clearly. The conditions which regulated the number present 
at the maximum we have as yet been unable to determine. 


4. After reaching a maximum in about 48 hours there is a 
universal decrease in numbers of bacteria. The numbers fall 
off during the next few hours, and by the 7oth hour may have 
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decreased to a comparatively few millions. This has been 
universally the case in these experiments. In one or two 
cases the cream was kept for several days longer and a bacte- 
riological examination made after it was a week old. In these 
samples the bacteria had nearly all disappeared, a few acid 
forms alone remaining, and the cream had become a nearly 
pure culture of the well-known Ozdium lactis. ‘The expla- 
nation of this disappearance of bacteria we are unable to 
give. } 

5. In all experiments the number of liquefying bacteria at 
the start was quite large, but the proportion varied from .2 to 16 
per cent. These bacteria apparently increase for a few hours, 
at least in some of the experiments; but after about 12 hours 
they decrease in proportion, and in the later periods of ripening 
become so few as to be incalculable, or disappear entirely. In 
most of the tests of completely ripened cream no traces of 
liquefying bacteria were found. 


6. The species of bacteria indicated by N. in the third 
column of the table appears to have a very peculiar relation 
to the dairies of this vicinity. It is in all cases abundant 
in the fresh cream, the smallest proportion noted being 11 
per cent. and the largest 88 per cent. In every test, however, 
the proportion of this species of bacteria decreased with the 
successive plates and became very small in the later periods of 
ripening. It did not seem to disappear absolutely, for even in 
the late periods of ripening a few colonies of bacteria N. could 
be found, but the number was so small as to be inappreciable 
in the percentages. 


7. The group of bacteria which we have here called Miscel- 
laneous, including the several species which do not produce 
acid nor liquefy gelatin, was in all cases somewhat large at the 
outset, varying from 5 to 75 per cent., but regularly decreased 
in numbers and in the late periods of ripening had entirely — 
disappeared. 


8. ‘The most characteristic feature of cream ripening con- 
sists in the growth of Z. acidilactici (206). ‘This characteristic 
lactic bacillus is found in very small numbers in fresh milk and 
cream. In other experiments, not recorded here, it has been 
found that in perfectly fresh milk the number of this species of 
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bacteria is extremely small; indeed, so few of them are present 
that they can be found in only a small percentage of the 
samples of freshly drawn milk. In the cream which we have 
tested the numbers were at the outset always small, in some 
cases so few that we could not find them at all with the dilu- 
tions which we were obliged to use. In the different samples 
the proportion was quite variable, but always small. With the 
successive hours of ripening the number of the bacteria of this 
species increased with perfect regularity, until at the time when 
the number of organisms in the cream was at its maximum, 
the proportion of No. 206 had reached usually about 90 per 
cent. and sometimes more. ‘his, of course, meant enormous 
actual numbers, for 90 per cent. of the many millions found is 
a very large number. 


9. The B. lactis aerogenes has a peculiar relation to the 
ripening cream. It is always present in small proportions; it 
appears neither to increase nor to decrease with any regularity 
during the ripening, being usually found at the outset in small 
numbers and at the close of the ripening in similar small 
numbers. Although the percentage did not regularly increase 
or decrease, there was a constant slight increase in actual 
numbers. 


1o. The lactic bacterium No. 202 appears to be quite char- 
acteristic in these dairies. It was rarely found in fresh cream, 


doubtless because of its small numbers, made its appearance 


after a few hours, and in practically all cases began to increase 
somewhat after 36 to 48 hours, being commonly present in 
larger proportion at the close of the experiments than at the 
beginning. 


Ir. From these facts it will be seen that in old, well ripened 
cream we have a nearly pure culture of two species of lactic 
bacteria, No. 206 and No. 202. ‘The immense numbers given 
in the first column consisted commonly of over 98 per cent. 
of these species, the others being quite incidental. It is of 
course to be noted that the maximum numbers which we 
have obtained represent cream that was somewhat older than 
normally ripened cream, but practically the same facts are true 
of the normally ripened cream, as shown by the previous 
tables. 
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From these facts it would at first appear that the ripening 
of cream is to be attributed wholly to the acid bacteria. Cer- 
tain it is that these bacteria are the ones which grow most 
abundantly during the ripening and are present in large pro- 
portions at itsclose. We were at first inclined to believe there- 
fore that the ripening of cream is to be attributed to the lactic 
organisms alone. Further consideration and some further ex- 
periments have led us to doubt this, without leading us yet to 
any definite conclusion. It will be noticed that during the 
first few hours of ripening, z. e., during the hours in which 
the cream is separating from the milk by the gravity method 
and the twelve hours following, other bacteria than the lactic 
species have been multiplying. Cream that is twenty-four 
hours old from the time the milk is drawn from the cow con- 
tains a vast proportion of miscellaneous bacteria and only a 
small number of acid bacteria. It is certain that a considera- 
ble part of the cream ripening must have occurred before this 
time, and that the later ripening of the cream simply completes 
the process. Up to this time the lactic bacteria have been so 
few that they could have had little or no effect upon the cream. 
All of the changes then in the first twelve to twenty hours 
must be attributed to other bacteria than the acid organisms. 
Moreover, it will be seen from the tables that, though the fer- 
centage of miscellaneous bacteria constantly decreases, their 
numbers actually increase fora while. For example, the lique- 
fying bacteria in the fifth experiment were present in the fol- 
lowing numbers in the first five tests: 3,500, 21,000, 1,540,000, 
2,700,000, 1,500,000. The actual numbers were increasing 
although the proportion decreased from 8 per cent. to .1 per 
cent. In one or two experiments on June’ butter the increase 
of liquefiers in the first twelve hours was much larger, so great 
indeed that it was impossible to estimate the number of bac- 
teria on the plates because of the complete liquefaction of the 
gelatin. These facts of course show that during the first 
twelve hours of ripening other bacteria than the acid bacteria 
are multiplying and must produce an influence upon the cream. 
It would seem, therefore, that the ripening of cream must 
consist of two phases: the first comprising the first twelve 
hours or more of ripening and due to the growth of miscella- 
neous bacteria; the second beginning after twelve hours and 
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due almost wholly to the growth of lactic bacteria. These 
considerations lead us to believe that the ripening is not 
wholly a factor of acid bacteria, but upon this matter we 
recognize more experimentation is needed. 


GENERAL SUMMARY. 


We may now give a general summary of the conclustons which 
were drawn from the long series of experiments above detailed in 
regard to the actual bacteriological development that occurs during 
the normal ripening of cream. 


I. Milk as itis drawn from the cow contains great quantities 
of bacteria; most of these are miscellaneous forms of liquefying 
bacteria and other non-acid species. At the outset the number of 
acid bacteria ts very small, 


2. All species of bacteria increase during the setting of the 
mulk for the separation of the cream. 


3. fora few hours the alkaline bacteria and the others which 
have here been included under the head of Miscellaneous increase 
guite rapidly, while the lactic bacteria are hardly evident. 


g. After about twelve hours the lactic bacteria have increased 
so much as to be as numerous as the others, and from this time on 
they continue to increase with great rapidity until a maximum ts 
reached at about forty-eight hours, after this the numbers grad- 
wally decrease and they finally practically disappear. 


5. Lhe ripened cream contains prodigious numbers of bacteria, 
larger numbers than are known in any other natural medium. 
They are, however, nearly all lactic bacteria. 


6. After the first twelve hours all species of bacteria except 
the two lactic species decrease in relative numbers and finally ab- 
solutely disappear. 


7. Lhe two common species, Nos. 206 and 202, increase regu-— 


larly from the beginning of an experiment until the maximum. 
No. 208 ts always present in considerable quantity and during 
the ripening increases in numbers though not increasing in pro- 
portion. 


8. TLhecream which ts received by a creamery ts already partly 
ripened, as indicated by the tmmense numbers of bacteria tt con- 
tains. All of the changes which occur in the cream under the 
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influence of the miscellaneous bacteria have already occurred, and 
the ripening that takes place in the creamery is due wholly, or 
almost wholly, to the growth of the acid bacteria. 


9. <A ripened cream ts almost a pure culture of acid bacteria, 
but this does not mean that the ripening has been produced by 
these acid bacteria alone. 


Io. That the lactic bacteria play an important part in the 
ripening ts perfectly evident; that they are the sole cause of the 
changes occurring in the ripening ts not so evident. 


It. The peculiar flavor of June butter, which ts so much de- 
sired by the butter maker, ts not due to the development of the 
common lactic bacteria. Lutter ripened during the winter months 
develops the two species of lactic bacteria as abundantly and as 
guickly as does that ripened tn June, but the flavor does not make 
tts appearance. Ln the last three experiments recorded the June 
flavor was very noticeable in the cream, but the development of 
the acid bacteria, or the two species referred to, was practically 
the same as in all of the previous experiments. The June flavor, 
therefore, cannot be due to these common lactic bacteria. 


r2. To what this June flavor ts due we are not as yet satisfied. 
Whether tt will prove to be due to the large growth of mtscellane- 
ous bacteria during the first few hours of ripening, or whether tt 
zs due to a difference in the chemical nature of the cream remains 
for further experiments to decide. 
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FIELD EXPERIMENTS WITH FERTILIZERS. 
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Two classes of field experiments with fertilizers, one known 
as ‘‘soil tests’’ and the other as ‘‘special nitrogen’’ experi- 
ments, were undertaken by the Station soon after its organiza- 
tion in 1888, and have been continued until the present. The 
policy has been to repeat these experiments with the same 
fertilizers on the same plots. year after year, in the belief that 
the results would thus continually increase in value. Other 
field experiments have also been added at different times since 
these were begun. Those now in progress include the follow- 
ing: 

I. Special nitrogen experiments on corn, cow peas, and soy 
beans, for the purpose of studying the effects of nitrogen in 
different quantities and combinations in the fertilizers upon 
the yields and the composition of the crops. 


2. A rotation soil test on the Station land, for the purpose 
of studying the deficiencies of the soil and the needs of different 
crops for the different ingredients of fertilizers. 


3. Experiments with grasses and other forage crops, mainly 
for the purpose of comparing the feeding values of different 
fodder crops, and of studying the effects of the nitrogen in the 
fertilizers upon the proportion and amount of protein in the 
different crops. 

4. An experiment on soil improvement, for the purpose of 
comparing the relative economy of (1) stable manure, (2) a 
‘“complete’’ chemical fertilizer, and (3) green manures alone 
and in connection with mineral fertilizers for improving a 
soil apparently deficient in organic matter and in available 
nitrogen. 7 

Detailed results of investigations of each year have been pub- 
lished in the annual reports of the Station; and from time to 
time summaries of the results of the experiments of several 
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years have been given.* The present account of the experi- 
ments of 1900 is designed as a brief report of progress. The 
experiments of the first and second classes mentioned above 
are described in the present article, and those of the fourth class 
in the article succeeding this. Those of the third class will 
probably be given in a future Report. 


SPECIAL NITROGEN EXPERIMENTS. 


The special nitrogen experiments on corn, cow peas and soy 
beans conducted by the Station in preceding years were con- 
tinued during 1900. The purpose of these experiments is to 
study the effect of nitrogenous fertilizers upon the yields and 
composition of the crops. The plan of the experiments has 
been described in detail in former reports.+ It consists, briefly, 
in growing the crops on a series of plots treated with mineral 
fertilizers supplying phosphoric acid and potash in definite 
amounts, and nitrogenous fertilizers supplying nitrogen in dif- 
ferent amounts, and comparing the weights and analyses of 
the crops from the different plots. The diagram on the next 
page and the discussion following it illustrate the methods of 
the experiment. 

The field used for the experiments is divided into ten long, 
narrow, parallel plots. These are indicated by the numbers 
oO, 7, 8, etc., at the north and south ends of the plots. The 
plots numbered o and oo receive no fertilizer. Plots 6a and 
66 receive dissolved bone-black at the rate of 320 pounds, with 
53 pounds of phosphoric acid per acre, and muriate of potash 
at the rate of 160 pounds, with 82 pounds of potash per acre, 
this mixture being called for convenience ‘‘mixed minerals.’’ 
Plots 7, 8 and 9 receive in addition to the minerals respectively 
160, 320 and 480 pounds of nitrate of soda, with 25, 50 and 75 
pounds of nitrogen per acre, while plots 10, 11 and 12 receive 
in addition to the mixed minerals respectively 160, 320 and 
A480 pounds of sulphate of ammonia, with 25, 50 and 75 pounds 
of nitrogen per acre. ‘The adjoining plots are separated from 
each other by narrow strips that are not fertilized. 





* See especially Reports for 1898 and 1899. + ldem. 
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Diagram illustrating the arrangement of the plots, the method 
of dividing the plots into sections, and the kind of 
crop planted on each section. 


The plots are indicated by numbers, the sections by letters. 
EAST. 


S F 


aA Be it he 


Corn. oy beans. Cow peas. Cow peas.f Soy beans.J- Corn. 64 


Soy beans.} Cow peas. | Cow peas.{ Soy beans.f- Corn. 
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Corn. [Soy beans. | Cow peas. . Cow peas. [ser beans.f Corn, §12 


Cow peas. Soy beans.f- Corn. 


Cow peas.f Soy beans. 


Cow peas. Soy beans. 








WEST: 


As shown in the diagram, each plot is sub-divided into six 
one-fiftieth acre sections, indicated by the letters A to F beside 
the sections on plots o and 64. It is generally understood 
that the effects of fertilizers on the yields of crops cannot be 
determined as accurately on the small sections as they might 


SOUTH. 
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be on the larger plots. The most important part of these 
experiments, however, is believed to be the study of the effects 
of nitrogen applied in the fertilizers upon the proportions of 
nitrogenous compounds (protein) produced in the crops. The 
smaller sections give results bearing on this question that are 
probably quite as accurate as would be obtained by the use of 
larger plots. The advantages in sub-dividing the larger plots 
into sections and growing the same crop on different series of 
sections is that the probability of differences due to irregulari- 
ties of the soil is to a certain extent eliminated; and as a larger 
number of crops can be grown in the same experiments, the 
results thus have a wider application. 

The name of the crop grown in each section is given in the 
space by which the section is indicated in the above diagram. 
Two series of sections, A and F, were planted with corn; two 
series, B and E, with soy beans, and two series, C and D, with 
cow peas. In the tables and discussions on the following pages, 
the results with the soy beans on the two series of sections have 
been combined just as though a single series of one-twenty-fifth 
acre sections were used. ‘The same is true of the results with 
cow peas. In the case of the corn, however, the results on the 
two series have been kept separate since, as will be explained 
later, the methods of fertilizing were not strictly uniform on 
both series, lime having been applied in 1898 to series A at the 
north end of the field, while series F at the south end did not 
receive the lime in addition to the regular fertilizer, 

As a whole the results of the experiments of 1900 were 
fairly normal, ‘The weather conditions were generally favor- 
able and the yields of crop were fair. It is noticeable, how- 
ever, that the yields are not as heavy as those obtained in the 
experiments of 1895 and 1896. This may be due to the fact 
that the plots on which the crops are grown have received only 
commercial fertilizers for eleven years. It is possible that the 
organic matter (humus) in the soil has been gradually reduced, 
and the yields have consequently fallen off. This can perhaps 
be accounted for by the assumption that in seasons of heavy 
rains the lack of humus in the soil would tend to favor the 
leaching of the soluble nitrogen compounds into the subsoil 
and perhaps beyond the reach of the crops; while in dry 
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seasons the crops would suffer more for lack of moisture where 
relatively small amounts of humus were present in the soil. 


Explanation of tables—Two tables of data are given in con- 
nection with the discussion of the results for each crop. The 
first table in each case gives the weight and cost of fertilizers 
per acre, the weights of crop per section and the calculated 
yields per acre, and the increase of the yield from the sections 
with fertilizers over that from the sections without fertilizer. 
The yields per section are the weights of the green crop taken 
in the field when harvested, or the weight of the crop taken 
when partially dried. The cow peas (vines) were weighed as 
soon as possible after cutting. The total corn (grain) and the 
soy bean seed from each section were dried in the barn and 
weighed when thought to be in good condition for grinding 
into meal. The corn stover was cured in the field and then 
weighed, while the soy bean straw was discarded because the 
leaves practically all fall off before the seed has fully ripened. 

The costs of the fertilizers per acre given in the tables repre- 
sent only the market price of the various ingredients of the 
fertilizers used in the experiments. The cost of mixing the 
materials, of transportation, etc., is not included. The costs 
are calculated from the weights of the ingredients per acre and 
the values of the ingredients as adopted by the New England 
Experiment Stations. These values vary from year to year. 
The valuation of the different ingredients used in the experi- 


ments of 1900 were as follows: 
Per Pound. 


Nitrogen as nitrate of soda, - - - - - rie LAC Cts: 
Nitrogen as sulphate of ammonia, - - - - 164 “* 
Organic nitrogen (in dried blood), - - - pred LO ah 
Phosphoric acid (soluble), — - E : : PP aes 
Potash as muriate, - : . CARS gc pe tearaey » ye 


The second table in each case gives the total yields of the 
crop per acre, the percentages of water-free substances or of 
dry matter in the crop when weighed for the determination of 
the yields, the percentages of protein (N. X 6.25) in the dry 
matter and the estimated yields of dry matter and of protein 
per acre. . 

The amounts of dry matter per acre are calculated by multi- 
plying the total weight of crop as harvested by the percentage 
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of dry matter, and the amounts of protein per acre are calcu- 
lated by multiplying the estimated weight of dry matter in the 
crop by its percentage of protein. The last two columns of 
the table show the percentages of the yields of dry matter and 
of protein for each section if the average of the yields from the 
mineral plots be taken as a basis (100). 


Protein. Proteid and non-protetd nitrogen.—It is customary 
to estimate the protein in plant tissues by multiplying the total 
nitrogen by the factor 6.25. The reason for this is that a 
large number of the compounds which are called albuminoids 
or proteids contain not far from 16 per cent. of nitrogen. But 
later research is emphasizing more and more clearly that (1) 
the true albuminoids or proteids which are used as food for 
building the nitrogenous tissues and other materials of the 
body often contain more and occasionally less than 16 per 
cent.; (2) in the growing parts of the plant especially, more 
or less of the nitrogen is in the form of so-called amids, like 
asparagin, which have not the nutritive value of the true 
albuminoids or proteids; and (3) in some cases a not inconsid- 
erable part of the nitrogen in the plant may be in the form of 
nitric acid, which has no value as food for animals. 

Unfortunately the chemical methods thus far devised for 
determining the amounts of amids and other like non-proteid 
or non-albuminoid nitrogenous compounds do not give satis- 
factory results. In making the analyses of the samples of 
these crops tests for nitrates were made in a considerable num- 
ber of samples, especially in those from sections of the plots 
upon which the larger quantities of nitrogen were used in the 
fertilizer. The object of these tests was to ascertain if any 
appreciable amount of the nitrogen of the fertilizer was taken 
up by the plant and held in its tissues in the form of nitrates 
without being transformed into organic nitrogen compounds. 
These nitrates would have no food value. The tests were 
made by treating cold water extracts of the samples with a 
sulphuric acid solution of di-phenylamin. Only very small 
traces of nitrates were found in any of the tests, indicating 
that practically all of the nitrogen of the fertilizer taken up 
by the plant was transformed into organic nitrogen com- 
pounds. | 


40 STORRS AGRICULTURAL EXPERIMENT STATION. 


Although the factor 6.25 used for estimating the amount of 
protein in the crop from the quantity of nitrogen as determined 
by analysis is known not to be entirely correct, still for prac- 
tical purposes it is perhaps sufficiently accurate; and in order 
to make the results of these experiments readily comparable 
with those of preceding years as published, it seems best to 
make use of the same factor that has been used in the past. 


EHXPERIMENTS WITH CORN. 2 


As shown in the diagram on page 36, corn is grown on the 
two series of sections lettered A and F at the north and south 
ends of the plots. The same kind of corn, a Rhode Island 
White Cap, is grown on both series. The seed planted on each 
section in any year is that grown on the same section during 
the preceding year. ‘he original seed planted on series F was 
obtained at the beginning of the experiments in 1895. For 
series A a new lot of seed was obtained in 1898. 

Previous to 1898 both series of corn sections, A and F, were 
fertilized in the same manner. It was observed, however, that 
the corn did not appear to grow so well on some of the sections 
of plots treated with the largest quantities of sulphate of am- 
monia as.on those treated with the corresponding amounts of 
nitrate of soda. ‘The question arose whether the soil on the 
former plots might not become acid to such a degree as to be 
unfavorable to the growth of corn. ‘The natural tendency is 
for the ammonia of the sulphate to be changed in the soil into 
nitrous and nitric acids, which are either taken up by the 
plants or leached out of the soil in drainage waters. In the 
nitrate of soda, on the other hand, the nitrogen is in the form 
of nitric acid, which is in like manner removed from the soil 
by the plants and in drainage waters. Thus on the sulphate 
plots the sulphuric acid and on the nitrate plots the soda 
would be left as residues in the soil, to be slowly removed by 
the plants or in drainage waters, and would thus tend to 
accumulate. In such a case, the hypothesis that the soil on 
the sulphate plots, especially where large quantities of the 
material were used, might become so acid as to interfere with 
the growth of corn, would seem to be reasonable. 

The acidity of the soil on these sulphate plots might be cor- 
rected by lime, in which case there would be a tendency toward 
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improvement in growth. To get light upon this question it 
was decided to apply lime to one series of sections and not to 
the other. In the experiments of 1898, therefore, the plots 
were treated with the nitrogenous and mineral fertilizers as 
explained in a preceding paragraph, and in addition 4o pounds 
of air-slacked lime (2,000 pounds per acre) was applied on 
each section in the series A at the north ends of the plots, but 
no lime was applied on series F at the south ends. No extra 
lime has been applied since then, as it was believed the action 
of the lime would continue for several years. For this reason 
the results of the experiments on the two series of corn sec- 
tions are reported separately. A comparison of the yields on 
the sections with and without Jime is given below in the dis- 
cussion of Tables 8 and 9. 


TABLE 8. 


SPECIAL NITROGEN EXPERIMENT ON WHITE FLINT CORN 
(SERIES A). 


Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of nothing plots. 
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( Mixed Minerals, as No. 6a, (480) |, | 
A Gutiph: of Am. (so lbs. N.), |240'$ [14739).01 79 | 55-® SS ree eke 
{ Mixed Minerals, as No. 6a, 480! Byes 
12/1 Sulph. of Am. (75 Ibs. N.); |360 f Ses ei eee ultesie) 58.912 75 37-4 
oo! Nothing, - - — — | 28.5] 30.8] 25.4|)1540| — 
64,| Mixed Minerals, as No. oe 480 6.14) 37.0) 45.3 9310 12205 | Pr. 5 
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TABLE 9. 


SPECIAL NITROGEN EXPERIMENTS ON WHITE FLINT CORN 
(SERIES F). 


Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of the nothing plots. 

















YIELD PER | ESTIMATED F- 
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Mixed Minerals, as No. 6a, |480 
Nitrate of Soda (50 lbs. N.), |320 


9.64] 36.5 | 40.3 | 32.6 2015) 17.3 
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13.14] 53.5|41.5|47.7| 2075 | 32.4 
16,04 1-5253 1 25.¢ 46.7 1290 31.4 
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The amounts of nitrogen in the fertilizer and the total yields 
of crop.—Tables 8 and 9 above show the kinds, quantities 
and costs of fertilizers per acre as used on the different 
plots, the yields of corn and stover per section and per acre, 
and the increase in yields of grain on the fertilized sections 
over the average of the yields obtained on the two sections 
where no fertilizers were used. ‘The yields from the sections of 
series A are given in Table 8 and those from the sections of 
series F in Table 9. The yields per section are the actual 
weighings of the crop, and the yields per acre are calculated 
from these and the size of the sections. The last column of 
the table shows the effects of the different fertilizers on the 
yields of grain by a comparison of the yield per acre obtained 
on the sections fertilized with the average of the yield from the 
sections of the two plots not fertilized. 

The yields on the sections of plots o and oo, which were not 
fertilized, were of course very light. This is no doubt due to 
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the fact that these plots have received no fertilizers for the past 
twelve years. The yields on the sections of plots 6a and 64, on 
which mineral fertilizers only were applied, were much better 
than on the sections not fertilized, and perhaps better than 
might be expected considering the fact that no nitrogen has 
been used with the mineral fertilizers on these plots since 18go. 
The results on the sections of plot 66 were considerably better 
than those on plot 6a. ‘The lack of nitrogen in the soil of the 
sections supplied with only mineral fertilizers seemed to have 
caused a pale color in the crop during the growing season, and 
much smaller yields of grain, with considerably less stover. 
On the whole, however, the mineral fertilizers alone appear to 
give better results in these experiments with corn than has 
been obtained in similar experiments with common grasses. 
This would seem to indicate that corn is better able than the 
grasses to gather nitrogen from natural sources. 

The yields obtained on the sections of plots 7 and 10, to 
which the smallest rations of nitrogen (25 pounds per acre) 
were applied, were considerably larger, especially on series A, 
than the yields obtained where only mineral fertilizers were 
used. The increase on plot 10 is somewhat greater than that 
on plot 7. This difference is doubtless due in part at least to 
the fact that in heavy rains the soil on plot 7 becomes washed 
so that the conditions for growth are less favorable than on the 
other plots. On the sections of plots 8 and 11, where 50 pounds 
of nitrogen per acre was used, there was quite an increase in the 
yields over those obtained from the use of either mineral fer- 
tilizers only or minerals plus the small ration of nitrogen. 
The yield of crop from the sections of plots 9 and 12, on which 
75 pounds of nitrogen per acre were used, was slightly greater 
on series A than was obtained from sections where 50 pounds 
of nitrogen was used, but in the case of the corresponding sec- 
tions on series F there was no increase. In fact there was a 
falling off in yield on section F of plot 12 as compared with 
section F of plot 8. This condition can probably be accounted 
for by assuming that the soil on section F of plot 12 had become 
so acid as to interfere with the growth of corn. ‘This is ex- 
plained below in the discussion of the yields with and without 
lime. 

The relatively small increase in yield from the large ration 
of nitrogen as compared with that from the medium and small 


44 STORRS AGRICULTURAL EXPERIMENT STATION. 


rations would seem to indicate that corn is not able to utilize 
profitably large amounts of nitrogen from soluble fertilizers 
such as nitrate of soda and sulphate of ammonia. Many expe- 
riments made in past years by this Station have shown that 50 
pounds of nitrogen per acre from fertilizers like those men- 
tioned above is about as much as can profitably be used on corn. 
Better results might very likely come from the use of stable 
manures supplying equally large quantities of nitrogen than 
from the same quantities of nitrogen in the form of nitrate of 
soda or of sulphate of ammonia. The stable manures have a 
value outside of their nitrogen content which is not found in 
the chemical fertilizers. 


Comparison of yields with and without lime.—As pointed out 
above, the yield from section F of plot 12 was less than that 
from section F of plot 11, while that from section F of plot 9 
was practically the same as from section F of plot 8. The 
method of fertilizing plots 8 and g is the same as that for plots 
Ir and 12 respectively, except that nitrate of soda is used on 
the former, and sulphate of ammonia on the latter. The dif- 
ference in yield between plots 8 and 9 might be expected there- 
fore to correspond somewhat to that between plots 11 and 12, 
provided the fertilizers used had like beneficial action on the 
growth of the crops. Such, however, has not been the case, 
as will be seen from the following table, which gives the aver- 
age of the yields for the past three years from the two series 
of sections on both the nitrate of soda and the sulphate of 
ammonia plots. 


Conparison of average yields of corn and stover from sections with 
and without lime. 
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AVERAGE YIELDS PER ACRE. 




















| Series F, | Series A, 
FERTILIZER. | Plot No. without lime. | with lime. 
| 
Shelled : Shelled | : 
| trarpeeis Stover. cara. Stover. 
| = — 
Bu. Lbs. Bu. Lbs. 
| 7 30.0 2015 | 39.4 2420 
Nitrate of Soda group, = Son}. 4452 2345. | .53<5 2770 
| gic) S4aeo 1990 | 53-7 | 2560 
Beagle fe, 42,2 2325 47.6%.) 238e 
Sulphate of Ammoniagroup,+| II 46.7 2250 50.3 3325 
| 8 1870 53.9 | 2690 
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Thus it will be seen that on the sections without lime the 
average yield of shelled corn per acre was 44.2 bushels from 
plot 8 and 44.6 bushels from plot 9, while it was 46.7 bushels 
from plot 11 and 37.8 bushels from plot 12. 

To explain this decrease in yield from plot 12 it was assumed 
that on this plot on which the large amounts of sulphate of 
ammonia were used the acidity of the soil resulting from the 
accumulation of sulphuric acid residue became so great as to 
interfere with the growth of the corn. As already explained, 
lime was applied to correct this acidity. In the table above it 
will be seen that on the sections with lime the average yield of 
shelled corn per acre was 53.5 bushels from plot 8 and 53.7 
bushels from plot 9, while it was 50.3 bushels from plot 11 
and 53.9 bushels from plot 12. 

It will be noticed that the average yields from all the plots 
of both the nitrate of soda and the sulphate of ammonia groups 
was larger from the sections with lime than from those without 
it. This would seem to indicate that lime had some directly 
beneficial effect upon the fertility of the soil; possibly such as 
aiding in the nitrification of nitrogen compounds present in the 
soil. 

The experimental results apparently favor the hypothesis 
that the soil on the plot with the large quantity of sulphate of 
‘ammonia had become injuriously acid, and that the acidity 
was corrected by lime. The attested fact is that the yields 
were greater from all the plots in both groups, but that the 
lime had the greatest influence on the yield from the plot with 
the largest ration of the sulphate. 


The amounts of nitrogen in the fertilizer and the proportions of 
protein in the crop.—Tables to and 11 illustrate the effects of 
the nitrogen of the fertilizers upon the composition of the plant 
as determined by chemical analysis. They are intended espe- 
cially to show the increase in the proportion of nitrogen and 
thus of protein in the crop following an increase in the propor- 
tion of nitrogen in the fertilizer. The data included in these 
tables are the weights of the crop per section as harvested, and 
the percentages and calculated weights of dry matter and of 
protein per acre. In the last two columns of the table the 
yields of dry matter and of protein per acre are given in 
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percentages of the average of the yields from the two mineral 
plots. This comparison of results obtained on the sections 
having mineral fertilizers only with the results obtained on 
sections having different quantities of nitrogen in addition to 
the mineral fertilizers serves to show the relative increase of 
dry matter and of protein which follows the use of nitrogen in 
the fertilizer. 

In the discussion of results it seems best to omit the con- 
sideration of those obtained on the sections to which no 
fertilizer was applied, as they are apparently abnormal, the 
proportion of protein in the crops being in some cases higher 
than that in the crops grown with considerable quantities of 
nitrogenous fertilizers. This same thing has been observed 
in previous experiments, and is explained in former Re- 
ports* as probably due to the fact that in the grain grown 
without fertilizers there is a large proportion of ‘“‘ poor’’ or 
‘“soft’’? kernels. These latter have been shown by analysis to 
contain a larger percentage of protein than is found in matured 
corn, owing possibly to an incomplete development of starch 
and oil in the immature seeds. In the crop from the sections 
supplied with mineral fertilizers only, the percentages of protein 
in the grain and in the stover were less in nearly all cases than 
in the crop obtained from those sections supplied with nitrogen. 
It will be noticed, too, that the percentages of protein in the 
grain and in the stover from the mineral sections were quite 
uniform for the same series of sections. This would seem to 
indicate that the conditions of soil were quite uniform on the 
sections to which the mineral fertilizers only were applied. In 
the case of the sections supplied with nitrogen in addition to the 
minerals the percentages of protein increase gradually (with 
one exception, section A, plot 12) with the increase in the 
quantities of nitrogen used. ‘This accords quite well with the 
results obtained in similar experiments in previous years, and 
shows that, up to a certain limit at least, the proportion of 
protein in the grain and in the stover tends to increase with 
the amounts of nitrogen used in the fertilizer. 





* See p. 28 of the Report of this Station for 1890; also p. 136 of the Report sor 1898. 
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TABLE 10. 
SPECIAL NITROGEN EXPERIMENTS ON WHITE FLINT CORN 
(SERIES A). 
Percentages and pounds per acre of dry matter and of protein in the 
grain and stover. 
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; FERTILIZERS PER ACRE. a ae ti & ee pais 
ke Sigthare gy sue of yield 
Ay eee 5 = «U6 |from min’ral 
ro) a a =| aos plots. 
5 eee eee, p ee ripe ree 
y Kind. z i= ei A 2 A pd 3 
AA ieee: 
Lbs. WSs Cor aes: Go 11,08 7 o% % 
{ Grain, | 990/90.8| 899] 6.94) 89} O61 63 
0, Nothing, - 2! ‘ -|— Stover, |1315|86.9/1143] 7.31 84 66 go 
Total, |2305| — |2042| — [173] 64 74 
Grain, |2125/90.0|1913] 9.81/188| 130 | 132 
5 Heise Minerals, as No. 6a, |480 J | Stover, 2115/78.8|1667) 5.56) 93} 96 | 100 
Nitrate of Soda(25 lbs. N.), 160 Totalaaaion = Asche anlar aioe tea 
4 : Grain, |3100/91.2|2827|11.56/327| 192 | 230 
3 Mixed Minerals; as No. 6a, 480 } | Stover,/2300/80.0/1840| 6.19|114| 107 | 123 
Nitrate of Soda (50 Ibs. N.),/320 Total, |sgool — |4667| — |441| 146 | 188 
| Grain, |3200/90. 4|/2893|12.13]351] 196 | 247 
Mixed Minerals, as No. 6a, |480 ) | Stover,|2325/75.3/1751) 7.63|134| 102 | 144 
9| 2 Nitrate of Soda (75 lbs. N.),/480 Totaly eae) egal Ee ee ee ten 
Grain, |1450/89.2/1293| 9.50/123| * mn 
6 Dis. Bone-black, Mixed |320 ( Stover, 2050 TIS 1595| 5.75] 92 * * 
“| Mur. of Potash, § Min’ls, 160 | otal 3500, — |2888 — jos) * % 
Grain, |2550|/91.3/2328|10.25/239| 158 | 168 
Be { Mixed Minerals, as No. 6a, 480 ) | Stover,|2390 74.3|1776| 4.88] 87] 103 | 94 
Sulph. of Am. (25 Ibs. N.), |120 Total, |4940| — |4104/ — |326| 128 | 139 
| Grain, |3050/89.3/2724|/10.94/298] 185 | 210 
2 Mixed Minerals, as No. 6a, 480 } |Stover,.2790/70.0|1953| 5.69/111| 113 | 119 
Sulph. of Am. (50 Ibs. N.), |240 Total, 5840) — |4677| — |4o9| 146 | 174 
Grain. |3300/88.5/2921|10.63/311/ 198 | 212 
i Mixed Minerals, as No. 6a, 480 ) |Stover, 2675/75 1/2009) 6.13123) 117 | 132 
Sulph, of Am. (75 Ibs. N.), |360 Total, |s975/-— |49301 — |434/ 154 | 185 
Grain, |1425/93.6)1334|11.44/153) gt | 108 
oo| . Nothing, -- - é . | — 4 |Stover,|1540/85.1/1311| 8.75/115| 76 | 124 
Total, |2965| —.|2645) — |268| 83 | 114 
de Grain, |1850/89.3/1652| 9.69/160; * £ 
6} Mixed Minerals, as No. 6a, 4804 | Stover, 2265 81.8)1853} 5.06) 94) * 
Total, 14115] — |3505| — |254| * ei! 





* The average of the yields on plots 6a and 64 is here taken at 100 for comparison. 
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TARER Tie 


SPECIAL NITROGEN EXPERIMENTS ON WHITE FLINT CORN 
(SERIES F) 


Percentages and pounds per acre of dry matter and of protein in the 
grain and stover. 



































































































































‘ ee Percentage 
- FERTILIZERS PER ACRE. > iy ‘ 4 2 ete ol 
ro SEP eci: g ao) of yield 
2 ~ [SE & 296 from min’ral 
% 2 ce MCs il a #ex |__Plots.. = 
is = Oe e a ga. Re 
Z ee eo 5 | A 2 4 )! 
| 5) HY » 
es Bie ame 
_ Lbs. Lbs.| % |Lbs.| % |Lbs| % | % 
| Grain, | 740/89.9| 665|10.69| 71| 42] 44 
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a 
———— 


* The average of the yields on plots 6a and 68 is here taken as 100 for comparison. 
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It will be noticed from Tables 1o and 11 that the amounts of 
both dry matter and protein in the crop increased as the amounts 
of nitrogen in the fertilizers increased, but that the increase in 
the yield of protein was relatively larger than the increase in 
the yield of dry matter. This is shown especially in the last 
two columns of the tables, which compare by percentages the 
yields of dry matter and of protein from the different sections 
supplied with nitrogen with the average of the yields from the 
_ two sections having the mineral fertilizers only, the latter being 
taken as a basis (100). These figures bring out clearly the 
fact that the increase in the amount of protein in the crop fol- 
lowing the use of nitrogenous fertilizers is due not only to an 
increase in the total yields of the crop, but also to an increase 
in the proportion of protein in the crops from the plots upon 
which the larger quantities of nitrogen were used, showing 
that the nitrogen in the fertilizer had a relatively greater tend- 
ency to increase the proportion of protein in the crop than it 
had to increase the total yield of dry matter. 


EXPERIMENTS WITH COW PEAS. 


From the diagram on page 36 it may be seen that the two 
adjoining series of sections, C and D, were used for the expert- 
ments with cow peas. Each section contains one-fiftieth of an 
acre, but the results obtained on the two series have been com- 
bined, and are given in the following tables as if one series of 
sections of one-twenty-fifth acre each was used. ‘The Clay 
variety of cow peas has been used for several years. The seed 
is obtained from the South each year. Most varieties of cow 
peas do not ripen their seed in this climate. The crop is har- 
vested before or at the time of blossoming, and is used for fodder. 

The amounts and costs of the fertilizers per acre, the yields 
of crop per section as harvested, and the calculated yields per 
acre are given in Table 12. The percentages and amounts of 
dry matter in the crop as harvested and the percentages and 
amounts of protein in the dry matter are given in Table 13. 


The amounts of nitrogen in the fertilizer and the total yields of 
the crop.—The effects of the nitrogen of the fertilizer on the 
total yields of crop are indicated by the results given in Table 
12, From the figures in this table it will be seen that the yields 
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of green crop at harvest are about twice as great on the sec- 
tions supplied with only mineral fertilizers as on those on which 
no fertilizer was applied. The average of the yields on the two 


sections supplied with mineral fertilizers only was practically | 


the same as the average of the yields from all of the plots to 
which nitrogen was added with the minerals. In this experi- 
ment there was some increase in yield where the larger quan- 
tities of nitrogen were used in the fertilizers, but not at all in 
proportion to the increase of nitrogen used. In nearly all of 
our experiments with this crop covering a period of twelve 
years there has been very little relation between the yields of 
the crop and the quantities of nitrogen used in the fertilizer. 


TABLE 12. 
SPECIAL NITROGEN EXPERIMENTS ON COW PEA FODDER. 
Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of the nothing plots. 
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For some reason not accounted for, the yield of cow pea fodder 
in 1900 was larger on the series of sections on which sulphate 
of ammonia was applied than on the corresponding sections on 
which nitrate of soda was applied. This was not so in the 
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experiments of previous years. On the whole the experiments 
with cow peas seem to indicate that as far as the yields of the 
crop are concerned good results are obtained from the use of 
mineral fertilizers, but that nitrogen in addition to the min- 
erals has very little effect upon the yields. 


TABLE 13. 
SPECIAL NITROGEN EXPERIMENTS ON COW PEA FODDER. 
Percentages and aie ees acre ie Sle matter and cee UES 
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oo| Nothing, - — | 8,375|19.90] 1,667|18.31/305| 53 tes 
64| Mixed anerals. as No. oe 480 |17,625|/18.49| 3,259/18.06/589| * * 





~* The average of the yields on plots 6a and 60 is here taken at 100 for comparison. 


The amount of nitrogen in the fertilizer and the proportions 
of protein in the crop.—The results in Table 13 show the effect 
of the nitrogen of the fertilizers upon the yields of dry matter 
and protein in the cow pea fodder. It will be seen that in gen- 
eral there is very little relation between the percentages of 
protein in the crop and the amounts of nitrogen used in the 
fertilizer. For example, the percentage of protein is highest 
in the crop on the section on which the small ration of nitrogen 
was applied in nitrate of soda, while the lowest percentage of 
protein was in the crop on the section on which the medium 
ration of nitrogen was applied in nitrate of soda. When yields 
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of dry matter and of protein from the sections supplied with 
nitrogen are compared with those from the sections supplied 
with only mineral fertilizers, there appears to be very little 
increase in either total food materials or protein following 
the use of nitrogen in the fertilizer. In one of the experi- 
ments of the past six years there seemed to be a slight increase 
in the proportion of protein following an increase in the quan- 
tities of nitrogen used, but the increase in that case was not at 
all regular; and in other years there has been no apparent 
increase. Altogether, the experiments with cow peas grown 
for fodder seem to indicate that the nitrogen of the fertilizer 
has little influence upon the proportions of nitrogen, and thus 
of protein, in the crop. 


EXPERIMENTS WITH SOY BEANS. 


Soy beans were grown on the two series of sections indicated 
by the letters B and E in the diagram above. The results on 
these two series have been combined in the tables beyond as if 
one series of one-twenty-fifth acre sections had been used. In 
the experiments with soy beans only the seed is taken into 
account. No attempt was made to estimate the yields of vines 


or straw, because as the seeds matured the leaves drop from 


the plants and become scattered before the time of harvesting 
the seed. 

The amounts and costs of fertilizers per acre, the yields of 
seed per section as harvested and the estimated yields per acre 
are given in Table 14. The percentages and amounts of dry 
matter in the seed and the percentages and amounts of protein 
in the dry matter are given in Table 15. 


The amounts of nitrogen in the fertilizer and the total yrelds 
in the crop.—The results given in Table 14 indicate the effect 
of the nitrogen of the fertilizer upon the total yield. The 
smallest yield was from the sections of the two plots without 
fertilizer. On the sections of the plots with the mineral fer- 
tilizers alone the yields were considerably larger; that from 
sections of plot 64, however, was a third larger than that from 
the sections of plot 6a. This difference in yield of soy beans 
from these two plots has been noticeable throughout the 
series of experiments, suggesting that the soy bean sections of 
plot 6a may be somewhat less fertile than the corresponding 
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sections of plot 66. On the nitrate of soda group of plots there 
appeared to be some increase in the yield of seed with the 
increase in the amount of nitrogen used, the largest yield being 
found on the sections of the plot with the largest amount of 
nitrate of soda. On the sulphate of ammonia group of plots, 
however, the largest yield was obtained in the sections of the 
plots with the medium amount of sulphate of ammonia. ‘The 
yields on all the plots with the sulphate of ammonia average 
a little larger than those on the plots with nitrate of soda. 
While the yields from the sections of the plots with nitrogen 
in addition to the mineral fertilizers were considerably larger 
than from the section of plot 6a, the largest yield from the sec- 
tions with nitrogen in addition to the mineral fertilizers was but 
little larger than that from plot 66 with mineral fertilizer alone. 


TABLE I4. 
SPECIAL NITROGEN EXPERIMENTS ON SOY BEAN SEED. 
Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of the nothing plots. 
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The amounts of nitrogen in the fertilizer and the proportion of 
protein in the crop.—The effects of the nitrogen of the fertilizer 
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upon the yields of dry matter and protein in the soy bean seed 
are indicated by the results in Table 15. As in the experi- 
ments with corn (grain), the highest percentage of protein was 
found in the seed on the sections of the plots without fertilizer. 
As suggested in the case of the corn, this is probably due to 
the presence of a large amount of immature or partially devel- 
oped seed in the crop from those sections. ‘Taken as a whole, 
the percentage of protein in the seed from the sections which 
were supplied with nitrogen was considerably larger than in 
the seed from the sections of the mineral plots, yet there seems 
to be no constant relationship between the percentages of pro- 
tein in the seed from the different plots and the quantities of 
nitrogen used in the fertilizer. Ason the average of the exper- 
iments for the past four years, the percentages of protein in 
the seed from the experiments of 1900 have been somewhat the 
higher from the sections of the plots supplied with the larger 
quantities of nitrogen, but this result has not been constant. 


TABLE 15. 
SPECIAL NITROGEN EXPERIMENTS ON SOY BEAN SEED. 
Percentages and pounds per acre of dry matter and of protein. 
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* The average of the yields on plots 6a and 60 is here taken as 100 for comparison. 
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On the whole, the experiments with soy beans seem to 
indicate that small quantities of nitrogen may be profitably 
used in growing the crop when the effects on both the total 
yields of crop and the proportions of protein in the crop are 
taken into account. 


SOIL TEST EXPERIMENT. 


The purpose of this experiment is to study the deficiencies 
of soils as regards available plant food, the particular needs of 
different crops, and the best method of supplying them in 
fertilizers. The general plan of the experiment consists in 
dividing the field into similar parallel plots and applying differ- 
ent fertilizers to the different plots, but growing the same crop 
on all of them. 

The soil test of 1900 is the eleventh in a continuous series 
that has been carried on at Storrs on the same set of plots. 
_ The same fertilizers have been applied on the same plots each 
year, but the crops have been grown in a four-year rotation, 
as follows: corn, potatoes, oats and either cow peas or soy 
beans. Hach fertilizing material used has been such as would 
supply only one fertilizer ingredient; nitrate of soda to supply 
nitrogen, dissolved bone-black to supply phosphoric acid, and 
muriate of potash to supply potash. These materials have 
been applied singly, two by two and all three together. 

The method of dividing the field into plots for these expert- 
ments, and the kinds of fertilizers and the amounts per acre 
used on each plot, are illustrated by the following diagram. 
‘The plots are laid out with the long dimension north and south. 
The field slopes gently to the south, but with not enough in- 
cline to cause serious washing and cutting of the surface by 
water. ‘The soil of the field is a heavy loam, with a yellow 
clay loam subsoil. In 1888 and 1889, when the field was being 
cropped preparatory to being laid out for this series of experi- 
ments, it was noticed that the soil seemed to be poorer toward 
the west side of the field. For this reason the field was divided 
into two sets of plots, each one twenty-fourth acre in size, and 
the order of the plots in one of the two sets was reversed, as 
shown in the diagram. In considering the results of the ex- 
periments the data from both plots of the same numbers are 
combined and the results considered as if obtained from one 
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plot one-twelfth acre in size. In this way errors due to the 
irregularities of the soil are partially eliminated. ) 


Diagram illustrating the arrangement of the plots in the sow test, 
and the kinds of fertilizers and amounts per acré 
used on each plot. 


Unfertilized strips separate the adjoining plots. 


EAST. 
Pitot o. Nothing. | { Pror Y. Stable manure, 16000 lbs. 
Si Ee 
, < : , (4 Stable manure, 10000 lbs. 
Prot A. Nitrate of Soda, 160 lbs. | J PLoT X. 1 Dis Bone. black scone 


Pitot B. Dis. Bone-black, 320 Ibs. PLot ooo. Nothing. 


Dis. Bone-black, 320 lbs. 
Prot C. Mur: of Potash, .160 lbs: Piotr G.~ Mur. of Potash, 160 lbs. 
; Nitrate of Soda, 160 lbs. 


RRS SST PONTE TOES | ae A TT 





Pitot oo. Nothing. PLOTS: Noeon Bsr ee ies 
pron p. Re one Bate 2 te | | rior #-{ Neracr aa 1 ee 
2 
Pior E. | Nitrate of Soda, x60 Ibs. | | PTD. } Nitrate of Soda, 60 Ibs 

PuOrel:. Pe Sees ae ae 7 | PLot oo. Nothing. 


Dis. Bone-black, 320 lbs. | 
Piotr G. < Mur. of Potash, 160 lbs. PLotT C. Mur. of Potash, 160 lbs. 
Nitrate of Soda, 160 Ibs. | 


PLot ooo. Nothing. Pitot B. Dis. Bone-black, 320 lbs. 


SR aE SE ED 


, ( Stable manure, 10000 lbs. 
ra ) Dis. Bone-black, 160 lbs. } 


Piotr A. Nitrate of Soda, 160 lbs. | 





Pitot Y. Stable manure, 16000 lbs. PLoT o. Nothing. 


WEST. 


In addition to the plots in the regular soil test, which include 
the plots from o to ooo inclusive in the above diagram, and are 
treated with the commercial fertilizers as explained, two other 
plots, X and Y, of the same size, are included in the series, 
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the former being treated with stable manure and phosphoric 
acid, and the latter with a larger quantity of stable manure, 
but without the addition of the mineral fertilizer. 


(EAR Oro: 
SOIL TEST WITH FERTILIZERS ON OATS. 


BY THE STATION, STORRS, 1900. 
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* 32 lbs. per bushel. 


Experiment of r900.—Oats were grown in the soil test of the 
past year. ‘This is the third time this crop has been grown on 
these plots since the series of experiments was begun. The 
results of the experiment of 1900 are given in Table 16. The 
differences in the appearance of the crop on the different plots 
were quite marked throughout the season. The effect of the 
lack of nitrogen in the soil of those plots upon which no nitrog- 
enous fertilizer was applied was quite noticeable in the pale 
color of the leaves and stems. On the plots with commercial 
fertilizers the ingredient which appears to have had the most 
marked effect on the yield was phosphoric acid (plot B.) The 
yield of seed on this plot was at the rate of seven bushels per 
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acre higher than on the nitrate of soda plot (A)2. In the: €xe 
periment of 1900 phosphoric acid seems to have taken the lead 
in affecting the yields both of grain and of straw, while nitro- 
gen stood second in its effects. This was not the case in the 
oat experiments of this series in 1892 nor in 1896. Each of 
those years the best yield of grain on the plots with commercial 
fertilizers seemed to result from the use of nitrogen from nitrate 
of soda, although the plots supplied with phosphoric acid from 
dissolved bone-black gave the second best results. As in pre- 
vious years, the largest yields in the oat experiment for I900 
were obtained on the plots supplied with manure. This was 
probably due to the fact that in the soil of the manured plots 
there would be humus present, one advantage of which would 
be a tendency to check the evaporation of water, while the 
ptots supplied with commercial fertilizers would probably be 
deficient in humus, a condition that would favor evaporation. 

By continuing the experiments through a number of years, 
and thus repeating each crop several times, the inequalities 
and errors in results due to irregularities of the seasons are to 
some extent eliminated in the final averages. Corn, potatoes, 
and oats have each been grown three times thus far during the 
course of the experiment. The average of the yields for the 
three different years for each of these crops is given in the fol- 
lowing table summarizing the results of the past eleven years. 
The yields of oats in the experiment of 1900 are also given in 
the table in comparison with the average. From the results 
here summarized it will be observed that the yield of oats has 
been largest on the plot with stable manure. On the plots 
with the chemical fertilizer the average yield was largest on 
plot D, with nitrogen and phosphoric acid together, while that 
on plot C, with potash alone, was little larger than that on the 
plots without fertilizer. The indication is that on this par- 
ticular soil the oat crop needs to be liberally supplied with 
nitrogen and phosphoric acid. Considering the results of all 
the experiments with all the crops, there seems to be no 
striking deficiency of any one of the ingredients—nitrogen, 
phosphoric acid or potash—in this particular soil. The special 
requirements for fertilizers seem to be determined more largely 
by the needs of the particular crop than by peculiarities of the 
soil. 
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TABLE 17. 


Average yields per acre in Station soil test during eleven years. 
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SUMMARY AND GENERAL DEDUCTIONS. 


The special nitrogen experiments here reported were made with 
corn, cow peas, and soy beans. The purpose of the experiments 
7s twofold: First, to study the effects upon the yields of the crops 
when different kinds and quantities of nitrogenous fertilizers are 
used in addition to uniform quantities of mineral fertilizers; and 
second, to study the effect of the nitrogen in the fertilizers upon 
the percentage and amount of protein tn the crops. 

The experiments with corn indicate that while the mineral fer- 
tilizers were very essential to the corn crop, they were not sufficient 
for this crop or thts soil when used alone. A complete fertilizer 
with nitrogen, phosphoric acid and potash was essential for good 
yields of corn. .When the yields alone are considered, the most 
profitable results financially have been obtained with 25 to 50 
pounds of nitrogen per acre (in nitrate of soda) used tn connection 
with mineral fertilizers. When the feeding value of the crop ts 
considered even larger quantities of nitrogen than 50 pounds per 
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acre seem to give profitable returns. While the yield of dry matter 
has not generally been much increased by an tncrease of nitrogen 
beyond 50 pounds per acre, the percentages of nitrogen and of pro- 
tetn in both the grain and the stover have usually been highest in 
the crops where the largest quantities of nitrogen have been used 
in the fertilizer. 

The experiments with legumes, cow peas, and soy beans, tndt- 
cate that mineral fertilizers are of great value in increasing the 
ytelds of these crops, while nitrogenous fertilizers do not greatly 
increase either the yield or the percentage of protein in the crop 
over that obtained from the mineral fertilizers only. In the 
experiments thus far made by the Station the average results 
with cow pea fodder show practically no advantage from the use 
of nitrogenous fertilizers. In the experiments with soy beans 
grown for seed some increase seems to have resulted from the use 
of nitrogenous fertilizers, although that increase was small. The 
percentages and yields of protein in these legumes bore very little 
relation to the quantities of nitrogen used. The soy bean seeds, 
on the average, showed a slightly higher percentage of protein 
on plots supplied with nitrogen than on the plots supplied only 
with mineral fertilizers. Lut, on the whole, the experiments 
with cow pea fodder and soy beans seem to show that there ts little 
to be gained by the use of nitrogen in the fertilizers, while an 
abundance of the mineral ingredients ts very essential to securing 
good crops on soils and under circumstances stmilar to those of the 
experiments here described. 

The results of the sotl test experiment indicate that nitrogen 
and phosphoric acid are of prime importance for use on thts par- 
ticular soil in order to get good yteld of oats. The same ingredt- 
ents also produced the most marked results on the ytelds of corn 
during the three years tn which this crop has been grown in the 
votation. On the other hand, potatoes have responded more gen- 
erally to the use of potash. In general, then, the results seem to 
show that on this particular soil the peculiarities of the crop are 
of more importance than the deficiencies of the soil in regulating 
the demands of the fertilizers. It ts not wise, however, to base 
too broad generalizations on the results here obtained, for, in 
many cases where soil tests have been made by the Station on adtf- 
ferent farms throughout the State, the soil has been the controlling 
factor in regulating the demands for fertilizers. 
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AN EXPERIMENT ON SOIL IMPROVEMENT. 


BYeCIIS.) PHELPS: 


——_+++4—__ 


An experiment on soil improvement was begun by the 
Station on a series of plots of land at Storrs in the spring of 
1899, to be continued through a period of years. The soil on 
which the experiment is being carried out appears to be lack- 
ing in organic matter and probably in available nitrogen. Such 
a soil is commonly spoken of as ‘‘ poor’’ or ‘‘ worn out.’’ The 
purpose of the experiment is to compare the value and economy 
of different methods of manuring for restoring fertility to a 
soil of this kind. ‘The fertilizers used in the experiments, the 
kinds and quantities of which are fully explained in a later 
paragraph, are (1) stable manure, (2) a ‘‘complete’’ chemical 
fertilizer, and (3) ‘‘green’’ manures, both alone and in com- 
bination with mineral fertilizers. The plan of the experiments 
is given in detail beyond. 

The field selected for this experiment is one which had been 
used for a peach orchard since 1889. While the peach trees 
were growing the field had been liberally treated with mineral 
fertilizers, but not very much nitrogen had been supplied. 
During the years 1889 to 1894 different crops had been grown 
between the rows of trees and had been removed from the 
land; after 1894 the land remained under cultivation most of 
the time, but without cropping. Part of the peach trees were 
removed in the fall of 1897 and the balance in the fall of 
1898. When the field was plowed in the spring of 1899 the 
soil, which is a medium heavy loam and holds moisture well, 
- was compact and hard and seemed to be lacking in organic 
matter. 


Plan of the experiment.—The general plan of the experiment 
is to grow a rotation of crops, having the same crop on all the 
plots each year, to use manure or fertilizers on the different 
plots in such a way as to ‘‘build up’’ the general fertility of 
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the soil and to study the economy of the different methods. 
employed for this purpose. The arrangement of the plots. 
and the method of fertilizing each is shown in the following 
diagram. 


Diagram illustrating arrangement and method of fertilizing plots 


in experiment on soul improvement. 


The narrow strips at the sides and ends of the plots are without fertilizer. 


PLor K. ‘‘Complete” fertilizer, 1200 lbs. per acre. 





Prot L. Stable manure, 12 tons per acre. 


PLor M. No fertilizer, but clover or other legume for green 
manuring. 


PLOT N. Mineral fertilizers, 700 Ibs. acre, and rye for 





manuring. 





Prot P. Mineral fertilizers, 700 lbs. per acre, and clover for 
green manuring. 


The plots contained one-eighth acre each, and are separated 
by narrow strips 3.3 feet wide. These strips between the plots. 
are planted, as well asa similar strip on the outside of the field, 
the same as the plots, but no fertilizers are used on them. The 
crop from these strips is harvested before that on the plots, and 
the yields obtained on them are not included in the experiment. 
The following rotation has been planned: corn, potatoes, oats. 
and peas for fodder, and soy beans. On plots K and L, it has. 
been planned to use approximately the same value of plant 
food, estimating the fertilizer by the usual system of valuation 
adopted by the New England Experiment Stations and esti- 
mating the manure at $3 per cord. Plot K is supplied with a 
liberal quantity (1200 pounds per acre) of a complete fertilizer, 
the ingredients used and rates per acre of each to be as follows: 
nitrate of soda, 200 pounds; sulphate of ammonia, 100 pounds; 
tankage, 200 pounds; muriate of potash, 200 pounds; and South 
Carolina acid phosphate, 500 pounds. Plot L is supplied with 
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a mixed stable manure at the rate of 12 tons or 5% cords per 
acre. It will be seen that the valuation of the materials used 
on these two plots is nearly the same per acre, if the manure 
is reckoned at $3 per cord. 

Plot M has had no fertilizer for the past two years, but 
whenever practicable some leguminous crop has been grown 
between the seasons of the regular crops from year to year for 
the purpose of plowing under. Clover was grown for this pur- 
pose after the corn crop of 1899 and was plowed under in the 
spring of Igoo. 

Plots N and P are designed to be similarly fertilized by the 
use of a mixture of South Carolina acid phosphate and muriate 
of potash. ‘This mixture is used on each of these plots in the 
following proportions per acre: acid phosphate, 500 pounds; 
muriate of potash, 200 pounds. On plot N it is planned to 
grow, for plowing under between the times of the regular 
crops, some cereal crop, like rye. This crop followed the corn 
crop of 1899 and was plowed under before the crop of 1900 
was planted. On plot P the same fertilizers have been used as 
on N, but a legume has been grown to plow under in place of 
the rye on plot N. Clover was grown for the purpose after 
the corn crop of 1899. 

Whenever possible, it is the plan to grow a crop for plowing 
under on plots M, N, and P, between the crops of the regular 
rotation. ‘The experiment for 1899 with corn was necessarily 
a preliminary test, as it was not practicable to grow a catch crop 
for plowing under previous to starting the experiment in the 
spring of 1899. Alsike clover was, however, sown amongst 
the growing corn on plots M and P late in July, 1899. The 
clover made a fair growth the fall of that year and early in the 
season of 1900. It was about three inches high and covered 
the ground in a thick mat when plowed under, April 12, pre- 
paratory to planting the potatoes. Plot N was sown to rye 
October 10, 1899, and this was plowed under at the same time 
that the clover was on plots M and P. The rye was about 
three feet high and in bloom when plowed under. 


The yield of potatoes for rg00. ‘The crop made a vigorous 
growth on all of the plots. The potato vines were sprayed 
twice for the blight, with Bordeaux mixture. The plants 
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remained green until early in September, and all of the con- 
ditions seemed to indicate a normal growth. The following 
table shows the yields of ‘‘merchantable’’ and of small po- 
tatoes on the different plots. 


TABLE. 18. 


Yields of potatoes in the experiment on soil improvement. 



































+ YIELD KEsSTIMATED 
FERTILIZERS. PER PLOT. YIELD 
fe (% acre.) PER ACRE. 
° st ren ha 
° Kind, - Weight | Cost | Good. | Poor. | Good. | Poor. 
Z per acre./per acre. 

Lbs. $ Lbs. Lbs. Bu. Bu. 
K| Complete fertilizer, - - | 1,200 | 17.29 | 1,426) I0g | 190.1 | 14.5 
L| Stable manure, - - - |24,000 | 16.00.] 1,339 | 110 1178.5 (yetAO 
M| No fertilizer except clover, — — 1,376 O4. 1-183. 14 Si 255 
N| Mineral fertilizer and rye, - 700 7.59 | 1,136| 172 | 151.4) 22.9 
P| Mineral fertilizer and clover, 700 7.89-| 1,334 147 | 197-0 pees 








As previously explained, the cost of fertilizer was intended 
to be about the same for both plots K and L. The only cost 
for fertilizer on plot M was that of the clover seed and the 
‘time used in sowing it. This is not taken into account. On 
plots N and P there was the cost of the mineral fertilizer in 
addition to the expense of growing the catch crops. For these 
two plots the cost was less than half that for plots K and L, 

Considering the good or merchantable potatoes only, the 
largest yield was obtained on plot K with the complete fertil- 
izer, and the smallest on plot N with the mineral fertilizer and 
tye. ‘The second best yield was obtained on plot M with no 
fertilizer but clover. ‘The yields on plot L, with stable manure 
and plot P with mineral fertilizer and clover were practically 
the same, and were a little smaller than that on plot M with 
clover alone. From a comparison of the yields on plots P and 
M there seems to have been no benefit from the use of the 
mineral fertilizer. However, plot M was on slightly lower 
ground than plot P, and probably received more moisture, 
which would tend to increase the yield. Even allowing for 
this, the yield from plot M as compared with those from the 


other plots indicates that clover had a high value as manure ~ 


in this experiment. Its superiority to rye in this respect is 
seen in comparing the yield from plot N with that from plot P. 
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General deductions.—From the results of this experiment it 
will be seen that clover had a high value when used to plow 
under as manure for potatoes. By sowing the clover seed 
amongst the corn in July, this crop was grown mainly between 
the seasons of the regular crop of the rotation. Although the 
clover at the time of plowing under was only three or four 
inches high, it proved to be a very valuable manure. The 
advantages in growing clover in this way for use as green 
manure are mainly four: (1) The expense is very little as the 
catch crop of clover does not interfere with the regular system 
of rotation and no additional plowing or harrowing is neces- 
sary. (2) The clover tends to prevent the loss of nitrogen 
through leaching or washing during that portion of the year 
when the soil is usually bare. (3) The clover growing on the 
soil will prevent washing and cutting of the surface of the soil. 
(4) The clover takes up considerable nitrogen from the air 
which, when the crop is plowed under, becomes available to 
the succeeding crops. 
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INVESTIGATIONS ON THE SOURCES OF THE ACID 
ORGANISMS CONCERNED IN THE 
SOURING OF MILK. 


BY ROLLIN H. BURR. 


Investigations of the acid organisms of milk date back to 
1877, when Lister discovered in milk an organism which he 
called Bacterium lactis. Subsequently Hueppe isolated and 
made a more careful study of what was probably the same 
organism, and named it Baczllus acidt lactice. After him Marp- 
mann, Grotenfelt, Keyser, and many others, isolated from 
souring milk bacteria agreeing with this bacillus, while other 
investigators have found in sour milk many different organisms 
capable of producing lactic acid, but not resembling the organ- 
ism of Hueppe. It was, therefore, for a time believed that 
there is no distinct lactic bacterium concerned in the souring 
of milk, but that there is quite a large number of such bacteria 
any one of which may be concerned in the milk souring. The 
~ work of more recent years has, however, shown that this is 
hardly correct. In 1894 Gunther and Thierfelder published 
the result of work,. from which they concluded that the organ- 
ism of Lister and Hueppe was the common cause of the normal 
souring of milk in Europe. Since then other confirmatory 
experiments have been published. Esten, in 1896, published 
the results of investigations made upon milk from various 
parts of the United States, from which he concluded that the 
ordinary souring of milk in this country is due chiefly to one 
organism.* This bacterium is probably identical with that 
found by Gunther and Thierfelder, and was given the same 
name by Esten, &. acidi lactict, It has been more recently 
found that associated with this species in this vicinity are two 
other lactic bacteria found almost universally and contributing 
to the souring of milk, although commonly present in far less 
numbers. ‘These two are B&B. lactis aerogenes and a species 


* Storrs Station Report, 1896, p. 44. 
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which Conn has called 2. acidi lactict I7.* 'These three organ- 
isms are apparently the only common organisms concerned in 
the souring of milk in this region. 


THE IMPORTANCE OF A KNOWLEDGE OF THE SOURCES OF 
THESE ORGANISMS. 


For a number of reasons it is particularly important to know 
the source of the acid organisms in milk. In the first place, 
the industry of furnishing sweet milk to cities finds in the 
lactic bacteria its greatest obstacle. In warm weather particu- 
larly, in spite of all that can be done, milk is almost sure to 
sour. If it could be definitely shown where these lactic organ- 
isms come from, it might be possible to devise simple means of 
guarding against them and thus aiding in the process of pre- 
serving milk. 

In the ripening of cream for butter making the problem of 
milk bacteria is of no less importance. It has been quite 
definitely shown that the flavors of the butter are due to the 
character of the ripening, and that the character of the ripen- 
ing depends, in considerable degree at least, upon the kind of 
bacteria which'chance to be present in the cream. ‘The varie- 
ties of bacteria present in normal cream during ripening are 
numerous, but, as is shown in an article by Conn and Hsten 
in this Report,t the lactic bacteria play a very important part 
in this proéess: 

In the use of artificial cultures for cream ripening, adopted 
quite widely in some countries, it has been found necessary to 

-pasteurize the cream in order to get rid of the noxious bacteria 

that chance to be present and then subsequently to inoculate 
with an artificial culture. In the article just referred to it has 
been shown that in ripened cream 2. aczdi lactict (Esten) com- 
prises commonly 90 per cent. or more of the organisms present, 
the numbers being small in the fresh milk and cream, but 
under normal conditions increasing rapidly until the milk or 
cream sours and curdles. Evidently if the source of these as 
well as the other lactic organisms could be accurately deter- 
mined it might be possible to keep them out of milk, and if 
this could be done the problem of the use of artificial cultures 
would be very greatly changed. 





* Storrs Station Report, 1899, pp. 13-67. + See pp. 13-33. 
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It is evident then that both for the industry of furnishing 
sweet milk to cities and for the butter-making industry, an 
accurate knowledge of the source of the lactic bacteria is desir- 
able. ‘Io determine if possible the actual source of these 
organisms was the object of the experiments here reported. 


EXPERIMENTS ON THE SOURCE OF THE LACTIC ORGANISMS. 


In the investigations reported in the following pages the 
effort was made to discover particularly the source of B. aczdz 
lactici, inasmuch as this has proved to be the most widely 
distributed of the lactic bacteria and the one which forms 
ordinarily over 90 per cent. of the bacteria in ripened cream. 
Secondarily, attention was also turned to the source of the 
two other lactic organisms. Previous to the work of Esten no 
definite suggestions were made as to the source of these organ- 
isms. Esten made a few experiments to determine whether 
the organism which he isolated came from hay or dust or from 
the teats of the cow. In his experiments neither hay nor the 
dust of the cow stall gave him any evidence of the presence 
of the B. acidi lactici. "This fact, together with some other 
experiments, suggested to him the possibility that the natural 
home of the organism in question was the milk duct; but these 
organisms have not been found hitherto in the udders of cows 
when these have been examined bacteriologically. It is pos- 
sible, however, that they have escaped the attention of those 
who have examined the udders, because of difficulty of detect- 
ing them with ordinary culture media. Moreover, as indicated 
above, B. acidi lactict has not been found very abundant in 
fresh milk or cream, although apparently universally present 
in large numbers in ripened cream. It may be, however, that 
the bacterium was present in small numbers even in freshly 
drawn milk, but escaped observation on account of difficulty of 
investigation. ‘To determine whether or not this organism is. 
actually present was one particular purpose of the following 
experiments. , 


GENERAL DESCRIPTION OF EXPERIMENTS. 


Three different series of experiments have been made, the 
first two consisting of the studies of milk as drawn directly 
from the cow, and the third consisting of a bacteriological. 
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examination of the udders of cows. ‘The first series, com- 
prising Experiments 1-10, was carried out during 1900. ‘The 
second, comprising Experiments 11-15, was conducted a year 
later. The third series was also carried out in 1901. The 
investigations were made by the: writer while an assistant in 
the bacteriological laboratory of the Connecticut Hospital for 
the Insane. 


Subjects and conditions.—The herd which was used in the 
experiments consisted of perfectly healthy cows, typical in 
every respect of the best kept cows of the farmer. It con- 
sisted of nearly a hundred cows, mostly of the Holstein breed. 
The herd was owned by the Connecticut Hospital for the 
Insane, and the success of the experiments was in large degree 
due to the excellent condition of this herd and its surround- 
ings. ‘The barn was perfectly ventilated and slightly warmed 
by steam. ‘The heat from the steam produced a slight upward 
current of air which passed through a large number of win- 
dows opening in the roof directly above the stalls, and thus 
established a complete ventilation. The floors were of hard 
cement and were cleaned four or five times each day. The 
cows were groomed morning and night, and during the warm 
summer months were sprayed with a disinfectant. All utensils 
of the dairy were thoroughly scalded and kept well polished. 
The cows when not feeding in the pasture were given ensilage. 
In short, the conditions were those of a model dairy. 


Preparation of media.—In the experiments a variety of cul- 
ture media were tested, some of them being those commonly 
used in bacteriological laboratories, while others were especially 
devised for the purpose. Some experiments were made with 
media made from milk, but it was found that the litmus-milk- 
sugar gelatin, which has been used by EHsten and Conn in their 
experiments, was most satisfactory, and eventually all other 
media were discarded and the experiments detailed below were 
all performed with this medium. 


FIRST SERIES OF EXPERIMENTS. 


Experiment No. r.—The object of the first experiment was 
to determine whether milk as freshly drawn from the cow 
contains acid organisms or whether the acid organisms area 
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contamination entering the milk during or after the milking. 
This experiment was performed with a single cow, No. 81. 
The milk of this cow was drawn into a two-quart sterile pail, 
2%4 minutes being required for milking. At the same time 
samples of milk were drawn into sterile glass tubes holding ; 
10 cc., in such a way as to prevent as much as possible any 
contamination from external sources. These tubes had a very 
small opening and were quickly plugged with cotton after the 
milk was drawn. ‘The milk from these sample tubes was 
plated in gelatin and carefully examined for the presence of 
acid organisms, but none were found. ‘The milk drawn in the 
pail was allowed to stand until the cream separated, and then 
examination was made of the cream. ‘This showed an average 
of 161,000,000 organisms per ce. Of these about 50 per cent. 
were B&B. acidi lactict, 20 per cent. B. actdi lactict L., 5 per cent. 
B. lactis aerogenes, and the remainder consisted of miscellaneous 
bacteria. "This same cream was tested after a more complete 
ripening (39 hours) and found to contain 268,000,000 bacteria 
per ce., of which 85 per cent. were B. actdi lactict, the other 
lactic organisms having decreased proportionately. This exper- 
iment evidently indicates that the milk became contaminated 
with acid organisms either during or after milking, but appar- 
ently did not contain them when freshly drawn. 


Experiment No, 2.—This experiment was confirmatory of 
the first, but was conducted on a slightly different plan. A 
different cow was chosen, No. 50. Milk was drawn into sterile 
tubes as before, and also into a tall sterilized jar which had a 
comparatively narrow mouth, the chief difference between this 
experiment and the last being in the size of the opening of this 
jar as compared with the pail used in the previous experiment. 
Bacteriological examination of the samples in tubes were made 
at once and showed an average of 500 organisms per cc., but 
none of the three species of lactic organisms were present. 
‘The milk in these tubes did not curdle in 28 days, but remained 
sweet and palatable for this length of time. ‘The milk in the 
jar, which was closed by a cotton plug, was allowed to stand 
until the cream had arisen, and then a bacteriological exam- 
ination was made of the cream. ‘This cream showed at first 
600,000 organisms per cc. When partially ripened 68,000,000 
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were found, and when fully ripened about 150,000,000 organ- 
isms per cc. Among these bacteria were found large numbers 
of B. actdi lactict (I. and B. lactis aerogenes, with a quantity of 
miscellaneous bacteria, but no single colony of B. acidi lactict 
was detected. 


Experiment No. 3.—This experiment was conducted pre- 
cisely as the last and designed as a confirmatory test. The 
results were identically the same so far as concerns the variety 
of bacteria. From these two experiments it was evident that 
when sufficient care was taken in drawing the milk in sterile 
vessels milk could be obtained which was free from the presence 
of BL. acid lactict, although it was more difficult to exclude the 
other two species of lactic bacteria. 


Lixperiments Nos. 4, 5, and 6.—In these experiments the 
attempt was made to determine whether the acid organisms 
were present in the dirt and dust which fell from the cows into 
the milk pail during the milking. Milk was drawn into sterile 
tubes and also into a sterile jar as in the preceding experiments, 
but in addition gelatin plates were exposed for different lengths 
of time under the body of the animal so as to catch some of the 
dust and dirt which fall during the milking. The results ob- 
tained with the sterile tubes and the jar of milk were practi- 
cally identical with those of the preceding experiments. A 
study of the gelatin plates gave the following results: 


‘Gelatin plates ro cm. diameter exposed under the cow tn the stall, 








NUMBER OF COLONIES ON PLATE. 





TIME OF EXPOSURE. 
In Experiment | In Experiment 
No. 








No. 4. 
IO seconds, - - - - 2 C 380 52 
20 seconds, - - - - - - 382 _ 100 
30 seconds, - - - - - - 1,736 195 
4o seconds, 2 - - - - - 3,204 500 








A study of the species of bacteria found on these plates 
showed the presence of B&B. acidi lactict (7, and B. lactis aerogenes, 
together with large numbers of miscellaneous bacteria. How- 
ever, no &. aczdz lactict were found. It was thus shown that 
two of the common lactic bacteria were found in the dust and 
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ditt from the cow and the stable and made their way into the 
milk during the milking. Inasmuch as it had also been previ- 
ously found that hay or hair from the cows’ limbs showed the 
presence of these two organisms, the conclusion was inevitable 
that one source of B. actdi lactict IJ, and LB. lactis aerogenes 


> was the dirt and dust of the stable. ‘They were, therefore, a 


secondary contamination of the milk. It was, however, sur- 
prising that B. acédi lactice 1. was not found on these plates in 
spite of the fact that it is so universally present in the later 
stages of milk souring. It was thought that the explanation 
of this might probably be that they were present in small num- 
bers, but owing to the numerous liquefying colonies found in 
the gelatin plates, could not be detected before the gelatin 
plates were completely liquefied. 


Parallel with these experiments a study was made of the 
ripening of cream obtained from the milk. Inasmuch, how- 
ever, as Conn and Esten in a previous paper in this Report 
have thoroughly discussed the subject of cream ripening, the 
results of these experiments will be omitted. It need only be 
stated that the results were identical with those obtained by 
Conn and Esten, namely, that unripened cream contains small . 
numbers of lactic bacteria, but that these increase rapidly dur- 
ing the ripening until at its close they comprise over 90 per 
cent. of the whole. 


Experiments Nos. 7, 8, and 9.—In the previous experiments 
the work was confined in each case to a single cow. The 
question then arose whether it might not be possible that the 
milk of these particular cows contained no lactic organisms, 
but that this would not be true of the milk of cows in general. 
To settle this question the following experiment was performed: 
In the barn there were 70 cows that could be used for these 
experiments, and upon three successive days milk was drawn 
from each one of the 70 cows immediately into sterile vials 
such as before used, each vial being marked with the number 
of the cow from which the milk was drawn. The vials were 
plugged with sterile cotton, the cotton being removed only for 
the milking and immediately replaced, so that the milk had 
only a few second’s exposure to the air. It was believed that 
in this way most of the external contamination of the milk 
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might be avoided. In all there were 205 such tubes obtained 
from the 70 cows. ‘The first set of tubes were kept at about 
18° C.; the second and third sets were kept in an incubator at 
35%4° C. for 72 hours. Of the first set of 70 tubes only 5 had 
curdled in the course of 6 days. Plate cultures made from 
these 5 tubes showed the presence of 2. acidi lactic® in 2 of 
them, while in the other 3 there were BZ. lactis aerogenes and 
several miscellaneous bacteria. Of the second set a large num- 
ber curdled, 31 in all. These were all examined by means of 
plate cultures. Of the 31 tubes, 6 showed the presence of B. 
actdt lactici?, and all contained the two other lactic bacteria. In 
the third set, 12 tubes curdled, all of which were examined by 
plate cultures, but in none of them was #&. acidz lactict dis- 
covered. In comparing the three sets together it was found 
that in no case did the milk from the same cow curdle in all 
three tests. In 12 cases only did the milk from the same cow 
curdle in two of the tests, and in all of these cases careful 
plate cultures failed to reveal the presence of 2B. acidi lactictz. 

In these tests 8, as indicated, showed the presence of B. acidz 
lactict in the milk. To determine whether this organism was 
actually present in the fresh milk of the cows furnishing these 
samples, the 8 cows were again tested in the same way as 
before, this time 5 samples being taken from each cow. In 
the milking in this case the plugging of the tubes with cotton 
was slightly delayed, so that the chances for air contamination 
were a little greater than in the previous test. Of these 4o 
tubes, all of which were placed at 35%° C. for 48 hours, a 
single one alone showed the presence of B. acidt lactict. ‘The 
cow furnishing this milk was again tested by having samples 
taken in sterile tubes during the milking. In this case the 
milking was more rapid and the possibility of secondary con- 
tamination lessened. ‘These tubes were placed at 35%° C. for 
36 hours, but in no case was &. acidz lactict present. 

These experiments plainly indicated that the freshly drawn 
milk from this herd does not contain &. acidt lactict. Asa 
confirmatory test, in order to demonstrate that the milk from 
this barn is not different from the milk of ordinary dairies in 

respect to the presence of this organism, the following simple 
experiment was made: Milk was taken from the milk cans 
containing the mixed milk of the whole herd. The samples of 
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milk were placed in sterile tubes, plugged with cotton imme- 
diately, and set aside at 20° C. At the end of two days a 
typical curdling had taken place in every tube, and an exam- 
ination of the milk showed the universal presence of B. aczdz 
lactic? ’The only conclusion that could be drawn from these 
experiments was, then, that the B. acidi lactict does not come 
from. the milk duct, but is a secondary contamination of the 
milk from the outside, and, therefore, that if sufficient care is 
taken, milk can be drawn without being contaminated with 
lactic bacteria. 

Up to this point, then, experiments have warranted the fol- 
lowing conclusions: 

1. Milk when first drawn may contain many liquefying and 
miscellaneous bacteria with but few or no acid organisms. 

2. ‘The acid organisms are probably an outside contamina- 
tion. 

3. ‘These acid organisms, though few at first, rapidly mul- 
tiply in the milk, soon checking the growth of the liquefiers 
and miscellaneous bacteria. 

4. Unripened cream or sweet milk contains from 50,000 to 


2,000,000 bacteria per cubic centimeter, but this number in- . 


creases rapidly for 24 hours and finally reaches several hundred 
millions. 7 

5. Ripened cream has bacteria varying from 55 million to a 
billion and a half or more in each cubic centimeter, and of this 
large number commonly over 90 per cent. are B. acidz lactict, 
although this species is absent in freshly drawn milk and 
present only in very small numbers in sweet milk. 


SECOND SERIES OF EXPERIMENTS. 


At this point the experiments were interrupted; but a year 
later, in the spring of 1901, they were resumed for the purpose 
of more strictly demonstrating the previous conclusions and 
also determining by fosztive evidence, if possible, the source of 
the widespread B. actdi lactict. 


Experiment No. rz.—This experiment was merely a repe- 
tition of three of those in the first series. It consisted in 
drawing milk from a large number of cows into sterile vials, 
only such cows being chosen as could be milked with the 
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greatest freedom. This was done in order to reduce as low as 
possible the chance of contamination. ‘The tubes were exposed 
to the air only a very few seconds during the milking, and 
were immediately plugged with cotton. Forty-five tubes were 
thus filled and set aside at about 20° C. At the end of 72 
hours 5 tubes had curdled, but were not strongly acid. Plate 
cultures made from them showed that not one of the tubes 
contained 4. acidi lactic’; of the remaining 40 tubes some failed 
to curdle, some curdled with a slightly alkaline reaction, some 
remained neutral, while others became slightly acid, but failed 
to curdle until heated. 


Lixperiment No. 12.,—'The next experiment was designed to 
show, if possible, the actual source of the organism studied. If 
the &. acidt lactict is present in the dust and dirt of the stable 
it ought to be found by direct examination. ‘The experiment 
previously performed of exposing gelatin plates under the flank 
of the cow is unsatisfactory, because the great number of lique- 
fying bacteria prevents a thorough examination of the plates. 
To determine whether #2. acidi lactic’ is present in the dirt a 
large number of test tubes of stevz/e milk were set in various 
places in the barn, and left exposed to the air for 12 hours. 
Hach of these tubes contained about 6 cc. of milk which had 
been carefully sterilized by steam on 3 successive days. ‘The 
opening of each tube measured about 10 millimeters. After 
remaining exposed in the air for 12 hours they were plugged 
and brought to the laboratory and left at a temperature of about 
20°C. In 48 hours every tube had curdled, was strongly acid, 
and had the type of curdling characteristic of B. aczdz lactict. 
As soon as the milk became acid plate cultures were made. 
The B. acidi lactict [/, and B. lactis aerogenes were easily recog- 
nized in these plates, but in this experiment no B. aczdz lactici 
were found. It was, however, thought possible that this organ- 
ism was overlooked because of the presence of rapidly liquefy- 
ing organisms. The characteristic growth of B. aczdt lactice 
only appears after 3 days’ cultivation, and when liquefiers are 
numerous it is impossible to detect the presence of this organ- 
ism. As the liquefiers in the first experiment were quite 
abundant, a second experiment of a similar character, but with 
slight modification, was undertaken. 


q 


76 STORRS AGRICULTURAL EXPERIMENT STATION. 


Experiment No. 13.—This experiment was conducted pre- 
cisely similar to the previous one, with the exception that some 
of the tubes were placed in a more concealed place, where they 
were less likely to be directly contaminated with dirt. Three 
tubes of sterile milk were placed in a position where they were 
> well exposed to the air, and five were hidden behind a tall 
board near a window several feet from the cows, where little 
dust would be likely to reach them. After the tubes had been 
exposed 12 hours they were plugged with cotton and placed in 
the laboratory. ‘Those which had been most exposed to the 
dust became strongly acid and in 36 hours had curdled. These 
tubes were tested by the ordinary plate cultures and were found 
to contain all of the three acid varieties, including the B. aczdz 
lactici which was sought. ‘The tubes which had been hidden. 
behind a board, however, did not curdle before 72 hours, and 
plate cultures failed to show the presence of B. actdi lactict. 
They were, however, slightly acid and contained the two other 
species of lactic bacteria. 


Experiment No. r4.—Sterile milk tubes were exposed in the 
open stable for 12 hours and then plugged and brought to the 
laboratory, as in the previous experiments. All tubes curdled 
and became acid. ‘They were tested with plate cultures in the 
ordinary way and large numbers of each of the three species of 
lactic bacteria were found in them. 


Experiment No. 15.—A final test was made as follows: Tubes 
of sterile milk were exposed for about 20 minutes underneath 
several of the cows during the process of milking. At the same 
time samples of milk from each cow were drawn directly into 
sterile vials and plugged at once. In this way stevzle milk was 
exposed to external contamination, while the fresh milk was 
drawn in such a way as to prevent external contamination. 
The samples of milk which were drawn directly into sterile 
vials failed to curdle and contained no acid organisms, as in all 
the previous experiments. On the other hand, the tubes of 
sterile milk which had been exposed under the cows’ flanks 
for 20 minutes all curdled, and each showed the presence of 
all three species of lactic bacteria. 
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By the results of this second series of experiments the conclu- 
sion drawn from the first set in the previous year was verified 
and emphasized. Milk drawn directly from the cow, at least 
in this stable, never contained the lactic bacteria. All of the 
three common species of lactic organisms are a contamination 
which gets into the milk during the milking or subsequently. 


THIRD SERIES OF EXPERIMENTS. 


It was deemed wise to confirm the results obtained in the 
preceding experiments by a study of the udders of cows, in 
order to demonstrate if possible the presence or absence of any 
of the three common lactic bacteria in the udder. Ward* and 
others have made investigations of a similar character, but 
apparently none of those who have previously made examina- 
tions of cows’ udders have found organisms which agree with 
either of the three known types of lactic bacteria of this region. 
Inasmuch, however, as previous investigators made no especial 
attempt to determine the presence of normal lactic organisms, 
it was thought necessary to repeat the experiments, and, if 
possible, verify their conclusions. If the observations reported 
in the previous part of this paper are correct, we should cer- 
tainly not expect to find the normal lactic bacteria in the udder 
of cows. If, on the other hand, either of the three forms were 
found in the udders, it would manifestly be impossible to obtain 
milk by any normal precautions which would be free from 
lactic germs. 

Only two cows were available for examination in the course 
of these experiments. These two cows were from the same 
herd in which the rest of the experiments had been carried on. 
They had been condemned to slaughter because of reaction to 
tuberculin. Briefly, the study of these two specimens was as 
follows: | 


Cow No. r.—In the case of this cow the autopsy showed the 
presence of no tuberculosis so far as could be seen, but only a 
thrombus of the heart due to a general infection. The udder 
was apparently in a perfectly normal condition, presenting 
neither tubercular lesions nor inflammation. The cow was a 





*N. Y. Cornell Sta. Bul., 178. 
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new milch cow, and the milk was of good flavor and consist- 
ency. Previous to the slaughter the cow had not been milked, 
a precaution taken to prevent the removal of any organisms 
that might chance to be in the milk ducts. ) 

The udder was taken from the cow immediately after slaugh- 
ter and brought to the laboratory, where it was examined and 
tested for bacteria. The examination was made within half 
an hour after the removal of the udder from the cow. All 
instruments used were sterilized. ‘whe skin of the udder was 
reflexed and a dorso-ventral incision made through the glandu- 
lar portion of the milk system and extending into the duct. 
From several portions of the udder inoculations were made 
with a sterile platinum needle directly into a variety of culture 
media, care being taken not to allow the milk of one portion 
of the udder to come in contact with the other portions. Inocu- 
lations were made in sterile milk, in serum tubes, upon agar 
slants, and in blue litmus-gelatin tubes. All culture tubes 
were then set aside, some at ordinary temperatures and others 
OE FOr | 

The results of inoculations were as follows: The milk tubes 
that had been placed at 37° C. curdled in 36 hours with an» 
acid reaction. Milk in tubes placed at 22° C. also developed an 
acid reaction, but did not curdle unless heated, and a little 
clear whey separated from it. The gelatin plates showed the 
presence of only a single species of bacteria, which was an acid 
producer and is described below. The other culture tubes 
placed at different temperatures showed, however, the presence 
of three species of bacteria, one of which was the same as that 
shown by the gelatin plates; the other two organisms had 
never been found in milk and were regarded as contamina- 
tions. ‘They were not acid organisms, and no especial atten- 
tion was paid to them. 


Cow No. 2.—In this case the autopsy showed a few mesen- 
‘ teric glands infected with tuberculosis and a single nodule in 
the liver. The lungs and udder appeared perfectly normal. 
The milk was good, and showed nothing that would indicate 
any abnormal condition of the udder. The udder was treated 
as in the previous case, but the inoculations were made ina 
_ different way. After reflexing the skin the various surfaces 
of the udder were burned with a hot knife, a stab was then 
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made by a long sterile needle through the flesh into various 
portions of the udder, and cultures were made as in the 
previous experiments. The udder was then opened by a 
dorso-ventral incision as before, and other cultures made. 
Inoculations were made as before into a variety of culture 
media, and these were kept at 22° C. and 37° C. for exam- 
ination. 


As before, the milk tubes at 37° C. curdled in 24-36 hours 
with an acid reaction, while those remaining at 22° did not 
curdle, though they became acid and curdled upon boiling. 
The plate cultures, as before, showed the presence of but one 
species of bacterium which produced perfectly characteristic 
colonies. The agar tubes and blood serum tubes in this exper- 
iment also showed the presence of this organism alone. In 
short, all of the inoculations made from this second animal 
agree in indicating the presence of one species of bacterium 
and one only. ‘The organism found was identical with the one 
found in the first cow and may, therefore, be regarded as a 
common udder bacterium in the cows of this particular herd. 


The organism in question is doubtless identical with one 
found many times by Conn in milk, and numbered by him in 
his Classification of Dairy Bacteria* as No. 60, and named 
M. acidi lactict I, ‘This organism he regards as belonging to 
a group to which belong also Nos. 113, 104, 78, and 58, these 
different varieties forming a group of coccus forms distinctively 
characteristic of milk. Apparently also the organism is the 
same as the micrococci found by Ward in his work on the 
udder and described by him. ‘The description which he gives 
is not quite identical with that given by Conn, but the differ- 
ences are so slight as to indicate that they are probably identt- 
cal organisms. 


The organism in question was tested in the laboratory by 
the ordinary culture means and found to have the following 
general characteristics: 

DESCRIPTION OF ORGANISM. FOUND IN TWO UDDERS. 


Morphology—Coccus usually found in pairs from .6 to Im in diameter. 
Motility—None. 

Temperature—Grows readily at ordinary temperature and rapidly at 37° C. 
Mica plate—Not determined. 





* See Report Storrs Station, 1899, pp. 13-68. 
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Gelatin plate—Colonies on the surface are raised into beads varying in color 
from white to yellow, smooth edge and shiny. In the litmus gelatin there is a 
halo of red which is not very deep. 





Gelatin stab—Quite abundant needle growth which is beaded. The surface 
is rough, irregular and abundant, of an orange tint. . 

Potato—Not determined. 

Agar slant—Irregular growth, smooth and highly reflecting, varying from 
white to yellow. 

Blood serum—Characters the same as on agar. 

Milk—At 37° C. curdles in 24 to 36 hours with a hard curd with little whey. 
Not strongly acid. At 20° C. milk does not curdle, but is acid. This will 
curdle on heating. 





Bouillon—Becomes cloudy after 24 hours, and after several days deposits a 
sediment. | 


The effect of this organism on milk is such as to produce an 
acid reaction without curdling the milk. Moreover, as indi- 
cated by the previous experiments and also by the experiments 
’ of Conn and Esten, this organism is not one which increases 
to any considerable extent in milk during its souring, and it is 
certainly not one of the species that contributes materially to 
the normal souring of milk in this locality. Apparently this 
organism then is not one which is of any especial significance in, 
the souring or keeping property of milk. Whether it has any 
significance in regard to the healthful properties of the milk 
has not been determined. In soured milk or in fully ripened 
cream it appears to have totally disappeared under the action 
of the other organisms which have multiplied rapidly. It is 
therefore probable that this organism has nothing to do with 
the souring of milk; and it therefore follows that the bacteria 
in the udder have no important relation to the problem of 
keeping milk. 


SUMMARY. 


I. The experiments reported here, together with those tn the 
article by Conn and F:sten, indicate. that in thts region, at least, 
the souring of milk and cream ts produced primarily by three 
species of bacteria: B. acidi lactict, B. acidi lactict IT,, and B. 
lactis aerogenes. Of these, the first ts the one that contributes 
most largely to the production of lactic acid and ts apparently 
zdentical with the species described by Hueppe, Marpmann, Esten 
and others. 
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2. When milk ts drawn from the cows in such a manner as to 
exclude from wt dirt and dust from the atr, the stable, and the cow, 
such milk may contain none of the organisms capable of producing 
a normal souring of milk. In the large herd of 70 cows expert- 
mented upon this was seen to be the case with each cow. 


3. Lhe three normal species of lactic bacteria are a secondary 
contamination of the milk from some external source. 


g. In the dairy experimented upon, while all three species of 
lactic bacteria were present in the air, the B. acidt lactict TI. 
appear to be present tn the smallest numbers, although apparently 
so abundant that all samples of milk tf exposed for a short time 
well become infected with tt. 


5. None of the three species of lactic bacteria was found in the 
udder of the cows examined, which ts in accordance with the re- 
sults of others who have examined the udders of cows. 


6. The udders of the cows examined contained a single species 
of micro-organism, apparently identical with that found by Ward 
in the udder, and by Conn found very commonly present in mulk. 


7. The tnvasion of the milk by the udder bacteria is of no great 
importance so far as concerns the keeping quality of milk. Out 
of three hundred tests made of fore-milk drawn directly from the 
udder into sterile vials, only about 2 per cent. contained the normal 
acid bacteria, and these were all contaminations from the outside. 
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ANALYSES OF FODDERS AND FEEDING STUFES. 


BY OA. or Rey IN LS 





In connection with the investigations reported in this publi- 
cation, there have been made analyses of about 60 samples of 
crops from the field experiments with fertilizers, and 50 samples 
of various fodders and feeding stuffs used in the dairy herd tests. 
In addition to these, analyses were made of not far from 300 
samples of food materials, feces, and urine in connection with 
the metabolism and digestion experiments with men, and 25 
determinations of nitrogen in crops grown in the pot experti- 
ments. ‘The methods of analysis were those recommended by 
the Association of Official Agricultural Chemists* with such 
minor modifications as have been found of advantage in this 
laboratory. | 

The analyses made in connection with the experiments with 
men will be published with the other details of the investiga-~ 
tions.+ ‘The proportions of nitrogen in the crops from the pot 
experiments will be given in the discussion of those expert- 
ments. ‘The descriptions and analyses of the materials from — 
the field experiments and dairy herd tests are given on the 
following pages of this Report. The analyses of the crops from 
the field experiments, given in Table 20, show only the per- 
centages of water, dry matter, nitrogen, and protein in the 
fresh substance, and of nitrogen and protein in the water-free 
material, as these were the only determinations necessary for 
the purpose of the experiments. In the feeding tests with 
dairy herds, more complete analyses of the fodders and feeding 
stuffs were required. These are given for the water-free mate- 
rial in Table 22, and for the fresh substance in Table 21. In 
all these tables two sets of averages are given, the first being 
the averages of analyses here published for the first time, while 
the second are the averages of all analyses of similar materials 
thus far made in this laboratory, including those here reported. 





* U.S. Dept. Agr., Division of Chemistry, Bul. 46, revised. 
+ See article on Results of Metabolism Experiments beyond. 





ANALYSES OF FODDERS AND FEEDING STUFFS. 83 


According to the usual custom, protein has been given as 
total nitrogen multiplied by the factor 6:25, on the assumption 
that protein contains 16 per cent. of nitrogen. As has been 
repeatedly pointed out, however, this factor is only approxi- 
mately correct, for the reasons given on page 39 of the present 
Report. 


DHSTS. FOR NITRATES IN FIELD CROPS. 


In the experiments made by the Station on the effects of ni- 
trogenous fertilizers upon the composition of field crops, it has 
been found that in such crops as corn and various grasses, the 
percentage of nitrogen in.the plants increased as the nitrogen 
in the fertilizers was increased. According to the usual method 
of estimating the protein of the plant from the amount of nitro- 
gen determined, the experiments thus apparently indicated that 
the increasing of the nitrogen in the fertilizers increased the 
proportion of nitrogenous compounds (protein) in the crops. 
The question arose whether the total increase in the nitrogen 
of the plant actually represented an increase in protein, or 
whether some of the nitrogen of the fertilizer, taken up by the 
plant in the form of nitrates, was retained in its tissues as such 
without being transformed into organic nitrogenous compounds 
of the plant. This has sometimes been found to be the case. 
Tobacco frequently contains considerable quantities of nitrates, 
and the quantity present has been found to increase with the 
increase of nitrogen in. the fertilizers.* Large quantities of 
nitrates have also been found in corn grown on especially rich 
soil.t It might thus be possible that the corn and grasses 
grown on the plots or in the pots supplied with large quantities 
of nitrogenous fertilizers would contain appreciable amounts 
of nitrates. To get some light upon this question some of the 
plants grown in the Station plot and pot experiments were 
tested for the presence of nitrates. 

With one exception all the samples tested were from the 
crops grown on plots or in pots supplied with the ‘‘full ration’’ 
of nitrogen, that is, nitrogen at the rate of 75 pounds per acre. 
The samples taken from the pot experiments were all from the 
pots with nitrate of soda; those from the plot experiments were 





* See, for example, investigations reported in Conn. Sta. Rpt. 1896, pp. 322-333; also 
North Carolina Sta. Bul. 122. § 
+ A striking case has been reported in Kansas Sta. Bul. 49. 
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part from the nitrate’of soda and part from the sulphate of am- 


monia plots. 


One sample of corn stover was from the. crop 


grown on a plot supplied with the mineral fertilizers alone. 


The results of the tests are given in the following table. 


TABLE 19. 


Amount of nitric nitrogen found in different crops. 








| Laboratory No. 


6200 
6201 
6202 
6203 
6216 
6217 
6218 
6219 
6248 
6249 
6250 
6251 
6257 
6260 
6268 
6270 
6278 
6281 
6288 
6291 
6308 
6311 
6318 
6321 
6274 








MATERIAL. 


Orchard grass, - - 
Orchard grass, - - 
Orchard grass, - - 
Orchard grass, - - 
Hungarian grass, - 
Hungarian grass, - 


Hungarian grass, - | 


Hungarian grass, - 
Orchard grass, rowen, 
Orchard grass, rowen, 
Orchard grass, rowen, 
Orchard grass, rowen, 
Silage corn, - - 
Silage corn, ws 
Cow pea fodder, - 
Cow pea fodder, - 
Corn stover, = = 
Corn stover, fe = 
Corn—seeds, -° z 
Corn—seeds, - - 
Corn—seeds,_ - - 
Corn—seeds,_ - = 
Corn—seeds, - - 
Corn—seeds, - - 


Corn stover, - 























Ene | gag | Se. 
oct | Oa bn pacar 
8 5 uae or u 
Kind of experimentand | xa | =DPaq | Dow 
amount of nitrogen used. | a2 | §°G8 | 558 
qo | Yom | QB 
25.0 ies 6.0 ee 
; Bd |R3| MF 
% % % 
Pot exp’ts, full ration, - | 2.56 O78 “| %.026 
Pot exp’ts, full ration, - | 2.41 100 O4I 
Pot exp’ts, full ration, - | 2.46 | .075 O31 
Pot exp’ts, full ration, -.| 2.41 100 O41 
Pot exp’ts, full ration, - | 2.12 100-4 O47. 
Pot exp’ts, full ration, - | 2.16 | .075 | .035 
Pot exp’ts, full ration, - | 2.07 1oo | .048 
Pot exp’ts, full ration, - | 2.25 100 044 
Pot exp’ts, full ration, - | 1.1L [~— “= 
Pot*exp' ts; full ration; =<) 7. 6G — 

Is Pot exp’ts, full ration,“ - |-1¢154) — 
Pot exp’ts, full ration, - | 1,10 — oo 
Plot exp’ts, full ration, - | 1.38 025 018 

| Plot exp’ts, full ration,* 4), 1. 304) 2.074 O10 
Plot exp’ts, full ration, - | 2.64 025 009g 
Plot exp’ts, full ration,*. | 2.75 O13, | .005 
Plot exp’ts, full ration, - | 1.28 O13 O1O 
Plot exp’ts, full ration,* | 1.50 | .013 | .009 
Piot exp'ts, fullration,=9) 1,13.)) = — 
Plot exp’ts, full ration,* “O39 aheusrs aS 
Plot.exp ts, full ration, "|" 1.60) == — 
Plot exp’ts, full ration,* | 1.63 | — —— 
Plot exp’ts, full ration, - | 1.75 — — 
Plot exp’ts, full ration,* | 1.50 — — 
Plot exp’ts, no nitrogen, $3) a= — 


* In these experiments the nitrogen was supplied in sulphate of ammonia, in the 
others in nitrate of soda. 


In making these tests, the colorimetric method devised by 
Hooker and described by Wiley* was employed, with but little 


modification of the procedure. 


The basis of this method is the 


blue coloration produced by small quantities of nitrates in a 
sulphuric acid solution of diphenylamine, the intensity of the 
color differing with differences in the quantity of nitrates 


present. 


* Principles and Practice of Agricultural Analysis, Vol. I., pp. 548-554. 


With a little care this method can be used to obtain 
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results approximately accurate. ‘T‘he tests were made in aque- 
ous extracts of the different samples. The amounts of nitrates 
present in these extracts were estimated by comparing the in- 
tensity of the color produced in the aqueous extract with that 
produced in a standard solution containing a known amount of 
nitrate. | 

The intensity of the blue color produced in the extracts was 
affected somewhat by the presence of organic coloring matters. 
The extracts of the grasses were highly colored, some being 
almost opaque. ‘The effect of these coloring matters was modi- 
‘fied to some extent by diluting the extracts. 

There was a larger proportion of nitrates present in the 
samples from the pot experiments than in those from the plot 
experiments; the comparison, however, is between different 
crops. It may be possible that there was less leaching of 
nitrogen from the soil in the pot experiments, but on this point 
these investigations furnish no evidence. 

While the first cutting of orchard grass in the pot experi- 
ments contained appreciable amounts of nitrates, the rowen 
from the same pots contained none. 

The corn seeds, as was to be expected, gave no tests for n1- 
trates. No nitrates were found in the corn stover grown on 
the plots supplied with the mineral fertilizers without nitrogen. 


DESCRIPTION OF SAMPLES. 


The analyses given in Table 20 are ‘those of the field crops 
grown in the plot experiments of 1900 reported on pages 34-60 
of the present Report. The conditions under which the samples 
described below were grown, is there given. The analyses given 
in Table 21 are those of the various fodders and feeding stuffs 
used in feeding tests with dairy herds conducted by the Station, 
as described on-later pages. 


GREEN FODDERS, 


No. 6261. Ensilage corn.—(Ohio white dent.) Sample of about 150 pounds 
taken September 18, 1g00, from five loads being cut up for the silo; this was 
thoroughly mixed and sub-sample taken and dried in steam drier. Lower 
leaves of stalks were somewhat dried, otherwise fodder quite succulent. Ears 
beginning to glaze or in dough stage. 

Nos. 6262-6271. Cow pea fodder.—Grown in the special nitrogen experi- 
ments of 1900. Samples taken September 21 and 22, 1g00. In sampling the 
crop taken from each plot, large samples of about 25 pounds were taken by 


Wf 
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removing small quantities from different parts of the crop as it was being cut up 
in the ensilage cutter at the silo. Each large sample was thoroughly mixed and 
a sub-sample was taken, weighed and dried at once in the steam drier. 


Nos. 6262 and 6263 were from plots o and oo respectively. The vines were 
small and yellow; not very succulent; and there were no immature pods and 
seeds. 


Nos. 6264 and 6265 were from plots 6a and 64 respectively. The vines were 
large and succulent; good color; few immature pods and seeds. 


Nos. 6266-6271 were from plots 7-12 respectively. The growth on these 
plots was similar to that on plots 6a and 60. 


ENSILAGE, 


Corn ensilage.—Used in dairy herd tests. In sampling a considerable amount 
of the ensilage was thoroughly mixed and sample taken. The samples were 
believed to be averages of what was fed. 


No. 6125 from dairy herd test No. 51. Sample taken December 13, 1899. 
The crop was well eared and the grain quite hard when harvested. 


No. 6171 from dairy herd test No. 55. Sample taken January 31, I9g00. 
The corn was just past the milk stage when harvested. 


No. 6181 from dairy herd test No. 57. Sample taken March 8, 1900. The 
ensilage was from the same lot as No. 6171, but taken about three feet lower in 
the silo, and seemed more moist. 


CURED FODDERS. 


Nos. 6272-6291. Stover of white flint corn.—Grown in the special nitrogen 
experiments of 1900. The samples of stover were taken October 25-27, 1900, 
just after the corn was husked and the stover was weighed. In each case the 
entire crop of stover on each plot was cut into pieces one to two inches long 
and then thoroughly mixed and sampled. Nos. 6272-6281 were samples of 
crops grown on the sections at the north ends of the plots and Nos. 6282-6291 
on the sections at the south ends. 


Nos. 6272 and 6273 were from plots oand oo. The growth on plot o was 
very light, that on 00 a little better. On both plots the stalks were small and 
slender and pale in color. 


Nos. 6274 and 6275 were from plots 6a and 64. ‘The stalks were rather 
slender and pale colored. 


No. 6276 was from plot 7. The growth was rather irregular, the stalks were 
slightly pale in color. 


No. 6277 was from plot 8. The stalks were quite heavy and dark green in 
color. 


No. 6278 was from plot 9. Stalks not so heavy as on plot 8; dark green in 
color. 


No. 6279 was from plot 10. Heavy growth of stalks; slightly pale in color. 
No. 6280 was from plot 11. Stalks heavy and dark green in color. 


No. 6281 was from plot 12. Stalks much lighter than on plots 10 and 11; 
dark green in color. 
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Nos. 6282 and 6283 were from plots o and oo. Light growth of stalks pale 
in color. 


Nos. 6284 and 6285 were from plots 6a and 64. Stalks rather slender and 


_ pale in color; better on 64 than on 6a. 


No. 6286 was from plot 7. Stalks medium heavy; fair in color. 


No. 6287 was from plot 8, and No. 6288 from plot 9. Heavy growth of 
stalks, dark green in color. 


No. 6289 was from plot 10. Quite heavy growth of stalks; fair in color. 


No. 6290 was from plot 11, and No. 6291 from plot 12. Heavy growth of 
stalks; dark green in color. 





Corn stover.— Used in dairy herd tests. In most cases the stover was of good 


quality. ‘he samples were believed to represent an average of what was being 
fed. Usually: 10-30 pounds was cut up into small pieces, and then thoroughly 
mixed and sub-sampled. 

No. 6134 from dairy herd test No. 52. Sample taken December 27, 1899. 

No. 6160 from dairy herd test No. 54. Stover slightly mouldy. Sampled 
January 24, 1900. 

No. 6174 from dairy herd test No. 56. Sample taken February 15, 1900, 
from lot that had been cut up in December. 

No. 6180 from dairy herd test No. 57. Sample taken March 8, 1900, from 
lot that had been cut up in January. 

No. 6185 was used in dairy herd test No. 58. Sample taken March 15, 1goo. 


Oat Straw.—Used in dairy herd tests. Straw of good quality. In sampling, 

a considerable amount was cut into short pieces, thoroughly mixed and sampled. 
No. 6133 from dairy herd test No. 52. Sample taken December 27, 1899. 
No. 6162 from dairy herd test No. 54. Sample taken January 24, Igoo. 


Flay of mixed grasses.—Used in dairy herd tests. In each case the hay was 
of good quality, had been harvested early and put in the barn in good condition. 
In taking samples, about I0-30 pounds was cut into small pieces, then 
thoroughly mixed and sampled. 

No. 6124 from dairy herd test No. 51. Sample taken December 13, 1899. 

No. 6131 from dairy herd test No. 52. Sample taken December 27, 1899. 

No. 6135 from dairy herd test No. 52. Kowen hay, about half timothy and 
half red-top. Sample taken December 27, 1899. 

No. 6161 from dairy herd test No. 54. Rowen hay of mixed grasses and 
clover. Sample taken January 24, Igoo. 

No. 6170 from dairy herd test No. 55. Part of this hay was of previous ” 
year’s crop. Sample taken January 31, 1goo. 

No. 6173 from ‘dairy herd test No. 56. Hay grown on low land, contained 
considerable timothy and red-top. Sample taken February 15, 1goo, 

No. 6179 from dairy herd test No. 57. Sample taken March 8, 1g00. 

No. 6184 from dairy herd test No. 58. Hay grown on low land. Sample 
taken March 15, Igoo. . 
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Hungarian hay.—No. 6132 from dairy herd test No. 52. Hay of good 
quality, early cut. Sample taken December. 27, 1899. 


Oat and pea hay.—No. 6136 from dairy herd test No. 53. Oat grains nearly 
ripe, peas succulent when harvested; fodder harvested in good condition. Sample 
taken January 13, 1900. 


SEEDS. 


Nos. 6292-6301. Soy bean seed,— Grown in special nitrogen experiments of 
1900. Samples were taken November 13, 1900. In each case the total amount 
of seed grown on a plot was mixed thoroughly and a sample of about two quarts 
was taken. This sample was cleaned of dirt, mouldy and broken seeds, anda 
final sample of one quart jar full was taken and sealed at once. 


Nos. 6292 and 6293 were from plots o and oo. There was coysiderable seed 
not fully developed. 


Nos. 6294 and 6295 were from plots 6a and 6d. The seed was well developed 
and quite uniform. 


Nos. 6296-6301 were from plots 7-12 respectively. The seed was similar to 
that on plots 6a and 64. 


Nos. 6302-6321. White flint corn (grain).—Grown in special nitrogen 
experiments of 1900. Nos. 6302-6311 were from sections at the north ends of 
the plots and Nos. 6312-6321 from sections at the south ends. The samples 
were taken November 21, 1900. In each case the total amount of corn on the 
plot was shelled, thoroughly mixed and sub-sampled. ‘The sub-sample was 
cleaned of chaff, dust and mouldy corn, and a final sample of one quart jar full 
was taken and sealed. 


Nos. 6302 and 6303 were from plots o and oo. ‘There wasa large proportion 
of ‘‘ poor” or immature seed. 


Nos. 6304 and 6305 were from plots 6a and 64. Ears were quite well devel- 
oped; there was slightly more immature corn than on plots 8 and 9g. 


No. 6306 was from plot 7. The ears were quite well developed. There was 
about as much immature seed as on plots 6a and 64. 


Nos. 6307-6311 were from plots 8-12 respectively. The ears were well 
developed and there was very little immature seed. On plot 12 the ears were 
not as heavy as on plots 10 and It. 


Nos. 6312 and 6313 were from plots o and oo, There was a large proportion 
of poor or immature seed. . 


Nos. 6314 and 6315 were from plots 6a and 62. The ears were well devel- 
oped and there was but little immature seed. 


Nos. 6316-6321 were from plots 7-12 respectively. On all these plots the 
ears were well developed and there was but very little immature seed. 


\ 


MILLING AND BY-PRODUCTS. 


The following samples were those of milling products used in the dairy herd 
tests. The samples were taken in such a way as to represent averages of the 
different feeds as used during the tests. 
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Nos. 6121, 6128 and 6177. Wheat bran from dairy herd tests Nos. 51, 52 
and 56 respectively. 


No. 6122. Wheat middlings from dairy herd test No. 51. 
No. 6123. Chicago gluten meal from dairy herd test No. 51. 
No. 6126. H. O. standard dairy feed from dairy herd test No. 52. 


No. 6127. Provender from dairy herd test No. 52; made up of oats 140 
pounds and corn on ear 360 pounds ground together. 


Nos. 6129, 6169 and 6175. Buffalo gluten feed from dairy herd tests Nos. 
52, 55 and 56 respectively. 


No. 6130. Cotton seed meal from dairy herd test No. 52. 


No. 6137. Grain mixture from dairy herd test No. 53; made up of 1,000 
pounds wheat bran, 4oo pounds wheat middlings, 200 pounds cotton seed meal, 
125 pounds Chicago gluten meal. 


No. 6138. Grain mixture from dairy herd test No. 53; made up of 200 
pounds cotton seed meal, 125 pounds Chicago gluten meal, 100 pounds wheat 
middlings. 

No. 6164. Grain mixture from dairy herd test No. 54; made up of 100 
pounds cotton seed meal, 125 pounds Chicago gluten meal, 100 pounds wheat 
middlings. 

No. 6165. Grain mixture from dairy herd test No. 54; made up of 100 
pounds provender (oats 140 pounds and ear corn 360 pounds ground together), 
200 pounds wheat bran, 125 pounds Chicago gluten meal. 


_ No. 6166. Mixed feed from dairy herd test No. 55; apparently a mixture of 
wheat bran and middlings. 


No. 6167. Provender from dairy herd test No. 55; made up of 600 pounds 
oats and goo pounds corn on cob ground together. 


No. 6168. Ground wheat from dairy herd test No. 55. 


No. 6172. Grain mixture from dairy herd test No. 55; made up of 190 
pounds ‘‘ mixed feed,” 160 pounds Chicago gluten meal, and 150 pounds prov- 
ender. 

No. 6176. Corn and cob-meal from dairy herd test No. 56. 

No. 6178. Atlantic gluten meal, analyzed, but not used in dairy herd tests. 


No. 6182. Grain mixture from dairy herd test No. 57; made up of 200 
pounds wheat feed, 200 pounds Buffalo gluten feed, 200 pounds provender, and 
150 pounds cotton seed meal. j 


No. 6183. Grain mixture from dairy herd test No. 57; made up of 200 
pounds Buffalo gluten feed and 200 pounds cotton seed meal. 


No. 6186. Grain mixture from dairy herd test No. 58; made up of 200 
pounds wheat bran, 200 pounds corn and cob meal, and 200 pounds cream 
gluten meal. 

No. 6187. Grain mixture from dairy herd test No. 58; made up of 200 
pounds cream gluten meal and 100 pounds Buffalo gluten feed. 
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STORRS AGRICULTURAL EXPERIMENT STATION. 


TABLE 20. 


Composition of samples of field crops grown with different fertr- 
tzers in the plot experiments of 1900. 
[Averages of analyses here given together with those of former years. ] 





IN WATER- FREE 


IN FRESH SUBSTANCE. 

















S SUBSTANCE. || 
RP , : 
Sa q Sree a 5 : 5 pee 
& | MATERIAL. g So | a po 4 AG 
o0 P| ex 4 ae ase eee 
2 nay a || = iS aa a f 
ae Z Agee Z Z 
| % See aimee % % % 
6262 Cow pea fodder, 2.92 | 18.25 || 80.4 | 19.6))0.6 |)" 976 
6263 Cow pea fodder, 2.93 | 18.31 11-8021 | 10. O eee 
6264 | Cow pea fodder, 2.905 | 18.44 (| 81264 16.25 ors 3.4 
6265 | Cow pea fodder, 2.89 | 18. 06498125 9) 1 bows shies 3.3 
6266 | Cow pea fodder, 3.44 °| 21.50.)) 80.7 1419.3 | Oc gore 
6267 | Cow pea fodder, 2. 74| 17213 *) 7Os0 4 se Poa BO 
6268 | Cow pea fodder, 2.88 | 18 .CO_f 80:4 4106-7 0-8 BS 
6269 | Cow pea fodder, 2.98.1) L735 62.14 T7001 Os Sut 
6270 | Cow pea fodder, 3.00 | 18.75 I) 81.0 | 1G,G: ONO muamm 
6271 | Cow pea fodder, 2.97 | T8x56 ji 8390 16-4, | eOa5 aur 
Average (10), 2.95'| 18 449i | 18:07 OC giaoee 
Average all analyses, 9.96 | 18.62 1/°82.8 | 17.2 |) 07 ogee. 2 
6272 | Corn stover, - 1.08 6795) 16.071. 85c0 00g 5.8 
6273.) Corn stover,e == 34 B97 A TES SS ey dente a ye 
6274 | Corn stover, - .92 5.75. || 16.4 | 83.6 {20.8 Ae 
6275... Gorn stover,.7= 94 6 OOd) 1316 128624 0.8 5At 
6276 | Corn stover, - .88 BRO Un 1s.0 | S44 O07 4.6 
62775): Corn' Stover, w= inte 7 OO WNL 7.2 sos sor Tere 5.8 
6278 | Corn stover, - 136 8.50 eto, Tal oO go dak 6.8 
6279 | Corn stover, - .98 6.13 ihc lO. 7 4a Salk 5.1 
6280 | Corn stover, - T4563 QO. 56 AIS oy W453 shes 8.1 
6261. Corn stovers > = 1.64) | 1Os25) We2tae 5 tNe7 ee S aga eee a eee. 
6282 | Corn stover, - Litt |, Pe3i ols. 1a 86150) tO see 
6283 | Corn stover, - I.40 S775 1a | 05. fae 7 a 
6284 | Corn stover, - 802 Su S Hi Zee Tea tae O sae 4.5 
6285 | Corn stover, - LOL 5 LOGS Ta 52 8.15.6. Ong 4.1 
6286 | Corn stover, - .89 S280 h 2 ol 57S. eas 4.4 
6287.) Corn stover, (99 1-6 7TOS 20 “I Fiageg toed 5.0 
6288 |. Corn stover, «= 1.22 7,03 ik 24 Oey oe ee. O Say 
6289 | Corn stover, - .78 4.88 125.7 47423 O00 3.6 
6290 | Corn stover, - .gI 5. Og sili 30700170704 One 3.9 
6291 | Corn stover, - 98 | -6.138|].24°6 [O95 Ur 027 a) eae 
Average (20), 1:09°) 6.84 || 19.0 | 81.0 | 0.97 5 Gu5 
Average all analyses, 1.06 6.60 87.6 | 62.4 | 0.7 4.1 
6292 | Soy bean seed, 7.37 | 46.07. | IT-O 1189.0) G, Oneame 
6293 | Soy bean seed, 7.63 | 47.69: 1) (T083-1289,97" | 0 .oia eae 
6294 | Soy bean seed, 6.91 | 43.10 9.4°| 90.6 16.36) s30er 
6295 | Soy bean seed, 7.16 |. 44.75 || 10.3 80.7 nO 74a aan 
6296 | Soy bean seed, 7.A8 1 46,57 (19.2 1 SBCB NG. O He pes 
6297 | Soy bean seed, 7 A2 + 46,38 || 11.0 4) 89.0 ),070 saa 
6298 | Soy bean seed, 7.48 | -40.75..\| 10718892351) One ae 
6299 | Soy bean seed, 7.623:\ 45.19) | TL. 8620) |eOn ere 
6300 | Soy bean seed, 7.22 \°45.T3)||CI1T 0.1 #8920 sh Oras 
6301 | Soy bean seed, 7.27-\ 45.44 41) 12.2.) 897.89) “Oot aaa 
Average (10), 7.31: | 45.72 || 10.8 | 89.2 6-6 s4058 
Average all anaes (58), 6.63 | 41.45 8.7). 91,3:) 6:0soeG 
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TABLE 20.—( Continued. ) ae 

















IN WATER-FREE' 






































s SUBSTANCE, IN FRESH SUBSTANCE. 
° ee q wy : q re "fa 
5 MATERIAL. v Se 3 pi o, ae a 
= & | gx || @ | ag | & | ex _ 
% % % % % % ra, 
6302 | White flint corn, = - oi) Teak 1.10500) etO.T tw o0/0 | in se mea ate 
6303 | White flint corn, — - Set b OF TOL Way etd Onn oo 4 le See ae.’ 
6304 | White flint corn, - - | 1.59 9.94 lfc yoni ead. 8.8% an 
6305 | White flint corn, - salt O3> 10. 194) 22. Au om, OF eden hee 
6306 | White flint corn, - = "1266, 10.38 9.62) GO.4 |) ¥.5olweGen ; 
6307 | White flint corn, - SL TG MELO SOL FS 02.7. pik Ose OeO 
e205, Whitetlintcorm, |. = Shale 7. pel OO 9} 80b,00,. 2c). bs 7eeloce ee 
Peoogawihite fintcorm,.§ =~ -<} T.O1>) 10.064)}' 10.1 4).80.0 |) Lo 5e| Our ae 
6310 | White flint corn, - a1 75 IO ..64 925.) .90.5, || B.O7F 29.0 ‘3 
6311. | White flint corn, — - Si) kGO.d LI. 25 P35 OO. Full One tome i 
6312 | White flint corn, - 4 1559 | 9.04 G. 2°), 90.8 | i4e h Vgee ae 
6319 .|-Whiteflint-corn,  - 2 EO: del TAA Gaul 93, O.(elo gage Loe i 
6314 | White flint corn, - a | 1 75S O50. et. So) SO ema ie 8.5 ae 
6315 | White flint corn, - bag EAL gO.) 10¢ 7710013) lee eon ih 
6316 | White flint corn, - SPLITS SB QO ls LOL OM OOLOP MIRA eee 
6317 | White flint corn, - Sie eset TasG 828 r).gr sau trey eon 
6318 | White flint corn, - a LS OA 12613 9:6 <r 90144/ 01. So-roag 
6319 | White flint corn,” - Sl ale OAY TO o25 Seyi Ole gales 9.4 
6320 | White flint corn, - PICA TOC OA) | WLC Buh OO. melee 9.8 ir 
6321 | White flint corn, - TO POY 08 T 5 2) OCs sill ae Les 9.4 e 
Beverage (20) ..% ~.- |'1:70 |, 10:61 Ps Bailes epee MaRS a5! SS es f 
Average allanalyses (233)) 1.75 | 10.94 || 17.3 | 82.7; 1.5] 9.1 . 
= eo 
2 
oo 
2 
Ba 
vate 
ie it at Wa alan Nm Seal eg) 
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Composition of fodders and feeding stuffs analyzed 1899-1900, 
calculated to water content at time of taking sample. — 
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AL ABE aes 
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0) 
x 
s phi Pil Rete oe 
3 FEEDING STUFFS. = = | g v= 
a = a ° val 
H _ ee 
A 
Green fodders. % % | Jo % 
6261 | Ensilage, corn, - - ot} 60.7 f2.Raelecolueed 
Average all analyses (3), - | 71.9) 2.8 1.1} 17.0 
Cured fodders. | | 
6134 | Corn stover, - : - | 16.5] 4.8 | 1.5 | 40.3 
6160 | Corn stover, + - 2} 93-6. aca iete3e.0 
6174 | Corn stover, - ‘ - | 28:3 feravea teaaw aoe 
6180 | Corn stover, - - ~ | t6.5¢) 25.2 . OM 40.7 
6185 | Corn stover, - - -| 9.6] 7.0 | 2.5 | 47.9 
Average (5), - - -|17.0| 5.2/1.8) 41.8 
| Average all analyses (205), | $9.5| 3.8) 1.2 | 80.9 
6133 | Oat straw, - : - ol. 33, Be lay tee ee 
6162 | Oat straw, - - 2 =. |: 93.7, | ecg oa as a eee 
Average (2), - - |13.6| 9.5 | 2.7 | 41.2 
Average all eal ses. (4), =: (19.9 73.8 4-2: So aes 
6124 | Hay, mixed grasses, - e., P75 os OM 2A aa 
6131 | Hay, mixed grasses, - - | 13.2 | 7.0 2.6 | 44.8 
GIGI | Hay, mixed Srasses; ~ - | 11.0] 9.4 | 4.2 | 43.9 
6170 | Hay, mixed grasses, - - | 6.8) 7.2 }°2.9 | 47-5 
6173 | Hay, mixed grasses, - SU TG: FE 6275F 2.01 aocs 
6179 | Hay, mixed grasses, - ooh DEQ. (Oven 2-0 rate 
6184 | Hay, mixed grasses, - = ie 824° 8.4 7 320 Ages 
Average (7), - - =) U1 78100 240-8 
Average all analyses (49), | 11.7| 8.0 | 2.9) 44.1. 
6135 | Hay, rowen, is : = rare 14.3) 4.4m 
6163 |. Hay, rowen, - - L eT Ss ES.8) Sekopesgeo 
Average (2), - - - + 19.8.-18.6263.7 188-1 
Average all analyses (17), | 18.1 | 14.0 | 38.7 | 38.3 
6132 | Hay, Hungarian, - - - | 12.3 |_ 9.07 2-35-3583 
| Average all analyses (34), | 16.4| 8.2 | 8.2 | 43.7 
6136 | Hay, oat and pea, - - | 12.1 | Isl | 2.04 40.8 
Enstlage. 
6125 | Corn ensilage, - - ~ 1979.6 52,05) wee Eee 
6171 | Cornensilage,  - ge oe OSB) | Sa OO, Ws meer 
6181 | Corn ensilage, - - = 7704 | ST63) Bel 13,8 
Average (3), - - = 17S tab ee Ose 
Average all analyses (24), | 74.61 9.04. 2914-9 
Milling and By-Products. 
6129 | Buffalo gluten feed, - 8.4 23700) Sad leg 
6169 Buffalo gluten feed, = - - | 8.2] 24.2] 2.4 | 54.8 
6175 | Buffalo gluten feed, - - | 10.8 | 25.7 | 3.6 | 50.3 
Average (3), - - -| 9,2| 246)3.1/ 63.2 
Average all analyses (12), | 8.9 | 28.9 | 8.2 | 51.0 















































g | 4 | s¢ 
& | ae 
1 
} 
% G~.) ak 
6.8 17 Seo 
6.1; 1.6 | 520 
29.4 | 7-5 | 1450 
26.7 |.5:6 (ia4o 
29.2 | 6.4 | 1435 
29.3 | 0.3 | 1485 
26.2 | 6.8 | 1615 
| 28.2'| 6.6 | 1465 
90.5 | 4.1 | 1080 
36.3 | 5.1 | 1575 
31.9 | 4.7 | 1585 
34.1 | 4.9 | 1580 
35.9 | 5.2 | 1580 
| 25.8 | 4.6 | 1500 
27.2 | 5.2 | 1580 
26.4 | 5.1 | 1660 
31.0 | 4.6 | 1715 
26.9 | 4.9 | 1650 
31.4 | 4.1 | 1645 
26.6 | 5.7 | 1685 
27.9 | 4.9 | 1686 
28.1 | 5.3 | 1615 
| 23.2 | 5, 7 4erouw 
27.0: |" 7.70 ae 
95.1) 6.7 | 1585 
24.4! 6.5 | 1580 
32.4 | 7-6 | 1545 
22.9 | 5.6 | 1625 
26.3) 7.7 | 1540 
7.1 \-5245e aso 
0.7} 1.5 | 545 
b. Sq ato 420 
6.8/1.3) 485 
6.3} 1.4{ 470 
6.6 | 3.1] 1725 
8.5 | 1.9 11730 
7:6 | 2.0 gos 
7.6 | 2.3 | 1720 
6.4 | 1.7 | 1860 
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TABLE 21.—( Continued. ) 






































' v v 
2 a = a u So 
i FEEDING STUFFS. = 2 3S of 8 = Be 
S = S my ye oC teas Sete 
HW a fom s 
baal aay 
Z 
Milling and By-Products, % % % % % %-'| Cal 
6123 Chicago gluten meal, B57 30.0, e203 14 6.0 lence One as 
Average all analyses (14), 8.8 136.7; 5.5| 45.6) 2.511:0| 1810 
6176; Corn and cob meal, - TO.5:/0 7750. 05-00 O78 seele tit OL odG 
Average all analyses (19), 13.0! 9.0) 4.2|)68.4| 8.3/1.5) 1680 
6130 Cotton seed meal, - =e yee WAST b1O.0") Beer ede Os Sete Tone 
Average all analyses (22), | 7.1) 44.5| 11.7) 25.7) 4316.7 | 1880 
6121 | Wheat bran, = - = 128,38 | TO:Qe, Ferg 1 S8r5 0° $28 let ed eea5 
6128 | Wheat bran, = = =} O28 } T4s4 |) 5.011'51.4.12:60°06.5 | 1076 
6177 | Wheat bran, A STS 15.8 |) AvaMORT. © | 3553) Gronalode 
Average (3), 2 -/|10.0/15.5) 49/5388) 9.9/5.8) 1680 
Average all ee (49), | 9.7/ 16.9) 5.0| 538.4) 9.4)56) 1695 
6122 | Wheat middlings, - Gast. had oes lek) 1450, Or eit hOme 
Average all analyses (19), 10.837 18-2.4o5151-56.0 1 6:3: 4ede) L740 
6178 Atlantic gluten meal, - Se Oa pesos Ince e ATS) dM bee eames 
Gt20 yb. standard dairy feed; -") 8:2 17.9 | ¢.4:4|.§3.8.| 12.0, 3.90 745 
6168 | Ground wheat, - - 1 80. Os EO. 15. Oe 86.30) +7. Oc Aly hemes 
6127 | Provender, - - - piel Z.Qoh) tesa td teu 0423 1) 7. Sc Tee EnOOs 
6137| Grain mixture, - - “STO fh 20074 562 40:0.) “8. 0r ese zona ace 
6138 Grain mixture, - - "NO 7840.4!) 72 Oi Forte 24s 2s ees FOE 
6164 | Grain mixture, - Be i 6.534 7 yO T. Ons Se5migeoase pe 
6165 | Grain mixture, - 2) TOsQ 120.2 Ae Oy). 2.05" I Te fle boas 
6166 | Mixed wheat fear. - 0284. 10.200  4r9slus5G.0 | © 3! 0-195 52) rane 
6167 | Provender, - - - = NE Soh OO sete O70, 2iGu eat. naalae 
6172} Grain mixture, - - oft-1G.2 101 G.0 |) 49901055. 6: | OOo gaa egies 
6182 Grain mixture, - - =i} T20425.6)- 5.1 :):48.3, [0 giO qi | Poze 
6183} Grain mixture, - - 8.64, 40,1: 0. 801-94.5 ese, poet lene 
6186| Grain mixture, - - MTS. ho 2O1O, MW FC OTe AGS aCe et Gem 
6187] Grain mixture, - - = HPAES 2Or4, 293: 1-53.10 et 3.0 ae Oe 
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Composition of water-free substance of fodders and feeding stuffs 
analyzed, T899-I900. 
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TABLE 22. 








6261 


6134 
6160 
6174 
6180 
6185 


6133 
6162 


6124 
6131 
6161 
6170 
6173 
6179 
6184 


6135 
6163 


6132 
6136 


6125 
OL7I 
6181 


6129 
6169 


6175 











FEEDING STUFFS. 2 
cy 
% 
Green fodders. 
Ensilage, corn, - 8.35 
Av. Sail amet eeeaa 8.39 
Cured fodders, 
Corn stover, - - | 5.69 
Corn stover, - - 5.76 
Corn stover, = - 5.56 
Corn stover, - - 6.18 
Corn stover, - - ses fe 
Averacets)s = - 6.19 
Av. all analyses (205),) 6.87 
Oatistraw. a. 5 - 397 
Oat straw, - 4 - 4.48 
Average (2), 4.13 
Av. all analyses (4), 3.85 
Hay, mixed grasses, - FES) 
Hay, mixed grasses, - 8.12 
Hay, mixed grasses, - | 10.52 
Hay, mixed grasses, - Fae] 
Hay, mixed grasses, - 7.45 
Hay, mixed grasses, - 7.04 
Hay, mixed eee - 9.13 
Average (7), if 8.18 
Av. all tgs (aor 9.01 
Hay, rowen, - - | 16.56 
Hay, rowen, - - | 14.45 
Average (2), 15.50 
Av. all Boalyees (17), LG said 
Hay, Hungarian, = ik Ose 
Ay. all analyses (34), 
Hay, oat and pea, = isl ZeO2 


Lnsilage, 
Corn ensilage, - - 
Corn-ensilave,  - - 
Corn ensilage, - - 
Average (3), 
Av. all Guat (24), 


Milling and by-products. 


Buffalo gluten feed, - 
Buffalo gluten feed, - 
Buffalo gluten feed, - 

Average. (3)70- : 





Av. all analyses (12), 








Bate 





(CICL) WH bd 
_ 
= 





Nitrogen-free 
extract. 


S 


46.25 


Bay, 
63.18 
57-30 
59.35 
57.20 


59.63 
59.71 
56.39 


56.05 








Fiber. 





26.75 


22047 
28.81 


26.01 
25.82 


7 +25 
9.25 


6.99 














2 | 4 
a og 

q 

% Cal 
5.55 | 1850 
5.41 | 1850 
9.03 | 1735 
7-33 | 1755 
7-84 | 1705 
7 Oli) Fie 
7350 4 1965 
7.86 | 1765 
6.70 | 1785 
5.85 | 1820 
5 ty | Leas 
5.66 | 1825 
5.93 |. 1815 
5.54 | 1815 
6.503) 18ks 
5.78 | 1865 
4.90 | 1840 
5.46 | 1835 
4.62 | 1855 
6.29 eae 
5.51 | 1840 
5.98 | 1825 
6.60 | 1860 
8.73 198 
7.67 | 1820 
7.48 | 1820 
8.69 | 1760 
8.73 | 1750 
5.40 | 1825. 
4.96 | 1840 
4.41 1abs 
4.92 | 1842 
5.64 | 18387 
3.37 | 1884 
2.10) 1882 
|» 2,22 VT es 
1.83 | 2037 


ce 
¥ 
«. ae 
ae ese 
his + EA 
= Pes ae 
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TABLE 22.— (Continued. ) 
© v 
om . YU Ww : 
- FEEDING STUFFS. x = ais is He ae 
a 2 mu Sas ca < uY 
4 A 
Hy Ay an Vv ~ 
= fy 
A 
Milling and by-products. Jo Jo Yo To % Cal. 
6123 | Chicago gluten meal, - | 40.40 2.52 nS 350 2.35) Ieid m1 805 
Av. all analyses (14),) 40.19 | 6.02 | 50.00 | 2.70 | 1.10 | 1980 
6176 | Corn and cob meal, - 9.41 6.01 | 80.55 2, OSsieT. 05 7, LOO 
Av. all analyses (19),| 11.05 | 4.78 | 78.63 | 8.81 | 1.78 | 1940 
6130 | Cotton seed meal, =i 520131 fOl87 4) 24.80 5207. |-7. O4aneroos 
Ay. all analyses (22),| 47.92 | 12.57 | 27.62 | 4.64 | 7.26 | 2020 
6121 | Wheat bran, - Se) ar korea Se hl O4K bo 6335. 5219 Woo 
6128 | Wheat bran, : - | 15.94 FSO bOI TS O57. Feet as 
6177 | Wheat bran, - - | 17.24 AWO4 | SGn27 P12, 81 i Os80 eIoco 
Average (3), - ee LS (iiaoeOr | 09.00"010241 16. 23riecare 
Av. all analyses (49),| 17.23 0.40.1 609.60 161104 7 6-D lam leGo 
6122 | Wheat middlings, Pa hes erty B20 m1 50.35 1412704 e7 al Seo aS 
Av. all analyses (17),| 20.83 | 5.64 | 62.47 | 6.97 | 4.59 | 1910 
6178 | Atlantic gluten meal, - | 41.61 2.44 | 52,06 2.01 |-1)28 Seitegs 
6126 | H. O. Stand’rd dairy f’d,| 19.47 4252") 58.50 193212 14.037) viqee 
6168 | Ground wheat, - - | 19.79 5.48 | 61.91 FajZooh Solon teas 
6127 | Provender, - - Gro 7 4.000074: 66 S42) p2cts qelO 3s 
6fs7 | Grain mixture,  - gs ae ad 590 7454, 72 9.02 | 6.357 (> 18ee 
61304) Grain mixture; —- oi 40. 20 8.00) ). 42518 4.64 | 4.36 | 1985 
6164 | Grain mixture, - - | 38.39 POO AD 20 3,09 4eb7 aloes 
6165 | Grain mixture, - al 2228 Gee SOSSo S64 ) 4. 124). 1900 
GrO0 pe Mixed) wheat feed, - |. 17.95 SAO 10310 7 IQ. 5's FOU Looe 
6167 | Grain mixture, - Jae TE, OO 6.00. 1077.30 3.539 beQeoy sei Tene 
6172 | Grain mixture, - S21 7G 4.76 | 61.94 7441 | 4.10.| 1900 
O1o2-). Grain mixture, .- - | 29.26 5.77 | 55.10 5.24) 4.03. PIOLo 
6183 | Grain mixture, - - | 43.89 Go NO eT 5.66 | 5.29 | 1935 
6186 | Grain mixture, - =a 22 AO S72 10056 44537 \- 2. 0OISO5 
6159} Grain mixture, > - | 32.65 2.55 | 58784 420° 1 1296 PoLssa 
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RESULTS OF EXPERIMENTS ON THE METABOLISM 
OF MATTER AND ENERGY IN THE 
HUMAN BODY. 


BY W. O. ATWATER AND F. G. BENEDICT, 
WITH THE CO-OPERATION OF 
A. P. BRYANT, A. W. SMITH AND J. F. SNELL. 





INTRODUCTION. 


In previous Reports of the Station descriptions have been 
given of the respiration calorimeter and of some of the experi- 
ments which have been made therewith.* In the present arti- 
cle the results of experiments made up to the close of the year 
1900 are summarized. + 

The ultimate purpose of experiments with men in the respi- 
ration calorimeter is the study of some of the fundamental 
laws of nutrition; and the whole inquiry is based upon the 
principle that the chemical and physical changes which take 
place within the body, and to which the general term ** meta- 
bolism’’ is applied, occur in obedience to the laws of the con- 
servation of matter and energy. 

No one doubts that the law of the conservation of matter 
governs its metabolism in the living organism, and it is gen- 
erally believed that the law of the conservation of energy 
likewise applies to the metabolism of energy. Quantitative 
determinations of the applications of this law are, however, 
desirable. 

The main subjects proposed for study have been the follow- 
ing: 

1. An experimental demonstration of the application of the 
law of the conservation of energy in the body. ; 





* See Reports for 1896 and 1897. 


+ These experiments are made in codperation with the U. S. Department of Agricul- 
ture. ‘he full details, which would be far too voluminous for an experiment station 
publication, and which demand a much wider circulation than a report of this Station 
could give, are being printed in bulletins of the Office of Experiment Stations. The 


present summary of results is adapted from an extended report to be published as . 


a bulletin of that Office. It is believed that the brevity of this summary is thus 
justified. W.O.A. 
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2. The quantities of nutrients and energy metabolized by 
men under different conditions of rest and muscular and men- 
tal exercise. | 

3.. The amounts of material and energy required for inter- 
nal physiological work, as that of digestion, circulation and 
respiration. 

4. The relation between external muscular work and the 
nutrients and energy metabolized in its performance. This 
general problem includes the narrower one of the power of the 
body as a machine to convert the potential energy of its food 
and of its previously stored material into muscular energy. 
Viewed from one standpoint this latter phase of the subject is 
the same as that to which the expression ‘‘’The animal body as 
a prime motor’’ is frequently applied. From another stand- 
point it includes the comparison of the animal body with steam 
engines and other sources of power in respect to the economy 
with which the energy of fuel is utilized; the fuel in the case 
of the animal being its food, while in the case of the ordinary 
machine it is coal, or oil, or wood. 

5. The transformations of nutrients and energy in mental 
work. | 

6. The capacities of the different classes of nutrients to 
supply the body with material and energy; the proportions in 
which they may replace each other in building tissue or yield- 
ing energy as heat or as work; and their power to protect each 
other and the materials of the body from consumption. 

7. The kinds and amounts of nutrients required for nour- 
ishment of people of different classes and in different conditions 
in life, the nutritive values of food materials and the fitting of 
food to the needs of the consumer. 

Of the above problems all have been studied to a greater or 
less extent already except No. 5, which has to do with food 
and mental work. It is hoped that the study of this latter 
problem may also be entered upon in the not too distant future. 
Besides the problems thus detailed a number of others have 
received attention. Among these are: 

8. The digestion and assimilation of food materials. 

9. The quantities of carbon dioxid, water, nitrogen, and 
other materials excreted by the body, as well as the energy 


- given off as heat and as external muscular work under different 
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conditions of work and rest, together with the rates of elimina- 
tion at different periods of the day and night. In this connec- 
tion the respiratory quotient has also been considered. 

10. The temperature of the body and its variation during 
different periods of the day and under different conditions of 
work, rest and sleep. 

11. The need of ventilation in so far as the comfort of the 
person under experiment is affected by the proportions of car- 
bon dioxid and water in the air in the respiration chamber. 

12. Finally a large amount of time, thought and labor has 
been devoted to the elaboration and testing of the apparatus 
and methods of experimenting. Five years were thus used 
before the first actual experiments with men were made. 


APPARATUS AND METHODS. 


The description of the apparatus and of the methods of ex- 
perimenting with it have been given in considerable detail in 
former Reports of this Station* and in publications of the 
Office of Experiment Stations of the U. S. Department of 
Agriculture.; It will be sufficient to mention here that the 
essential features of the apparatus are a chamber seven feet 
long, four feet wide and six and one-half feet high, furnished 
with a folding chair, table and bed, and other appliances for 
physical comfort; apparatus for maintaining, measuring and 
analyzing a ventilating current of air; arrangements for pass- 
ing food and drink into the chamber and for removing the 
solid and liquid excreta, all of which were carefully weighed 
and sampled for analysis; and devices for determining the heat 
given off from the body of the man in the chamber, and, in 
work experiments, a stationary bicycle or other apparatus 
adapted for the performance of muscular work and for deter- 
mining the heat equivalent of the muscular work done. 

The experimental data include measurements of the income 
and outgo of both matter and energy in the man’s body dur- 


ing an experimental period. ‘The chemical analyses include 


determinations of the total quantities of the nitrogen, carbon, 
hydrogen, water and mineral matters of food, drink, and respir- 
atory and excretory products. In obtaining the income and 





* Reports for 1896 and 1897. 
7 U.S. Dept. Agr., Office of Experiment Stations, Buls. 44, 63 and 69. 
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outgo of energy, the potential energy of the food eaten and of 
the solid and liquid excretory products was determined by 
means of the bomb calorimeter,* and the kinetic energy given 
off by the subject was measured by the respiration calorimeter 
and accessory apparatus. 


THST EXPERIMENTS. 


Numerous.test experiments were made in order to prove 
whether or not the apparatus and methods gave ‘accurate 
results. According to one method a known amount of heat 
was generated electrically within the apparatus and this amount 
compared with that actually measured. It was found that the 
differences between the amounts introduced and measured were 
very small, the average being less than o.1 per cent. of the 
quantity of heat generated. 

This method gave no indication as to the accuracy of the 
determinations of carbon dioxid and water. Accordingly, 
ordinary commercial ethyl alcohol of known strength was 
burned in the apparatus and the carbon dioxid, water and 
heat produced were measured in the same way as in the 
experiments with a man. 

A considerable number of these alcohol test experiments were 
made before the apparatus was used for experiments with a man, 
and served to show that the determinations of carbon dioxid, 

_ water and heat could be made with a high degree of accuracy. 
Test experiments were also made at frequent intervals dur- 
ing the progress of the experimental investigations with men 
and served to show whether the apparatus remained in proper 
condition. In a few instances slight differences between the 
theoretical amounts of carbon dioxid, water or heat, and those 
actually found, indicated some slight trouble in the apparatus, 
which was then remedied. 

The details of the various test experiments are published in 
bulletins of the Office of Experiment Stations of the _U. S. 
Department of Agriculture.f In all, 17 test experiments have 
been made, in which over 5 liters of ordinary commercial ethyl 
alcohol have been burned. ‘The total amount of carbon dioxid 
produced was 19,240 grams, of which 19,207, or 99.8 per cent., 





* See Reports Storrs Exp. Sta. 1894, p. 135 and 1897, p. I99. 
+ Buls. 63, 69, and one now in press. » 
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was measured. ‘The total water produced was 12,264 grams, 
and 12,379 grams, or 100.9* per cent. was found by analysis. 
The total heat given off was 64,5 54 calories and that measured 
64,513 calories, or 99.9 per cent. This agreement between the 
theoretical values and those actually obtained is very close and 


indicates that the apparatus is an instrument of precision. 


SCOPE AND PLAN OF THE INVESTIGATIONS. 


Between February 1896 and April 1900 inclusive, thirty-four 
experiments, covering a period of one hundred and fourteen 
days, were made with the respiration calorimeter. The first 
four of these, covering a period of twenty-one days, were desig- 
nated as Nos. 1-4, and the results were published in a previous 
Report of this Station. Nine of the twelve days covered by 
Experiment No. 4, however, really comprised three separate 
experiments distinguished from each other by difference in 
occupation of the subject; these for convenience may be desig- 
nated as 4a, 4b, and 4c. In all these experiments (Nos. I—4C) 
the income and outgo of nitrogen and carbon and the income 
of energy were determined, but the heat given off from the body 
was not measured. Since they show only the balance of income 
and outgo of matter they are therefore termed “‘ respiration ”’ 
experiments. 


The results of six other experiments, Nos. 5—i0, covering a 
period of twenty-four days, have also been published.= In 
these and all later experiments the balance of income and outgo 
of both matter and energy was determined, and they are there- 
fore termed ‘‘respiration calorimeter’’ or ‘‘metabolism’’ experi- 
ments. 


Of the remaining twenty-four experiments, thirteen, covering 
a period of forty-one days, are reported in detail in a bulletin 
of the Office of Experiment Stations of the U. 5. Department 
of Agriculture now in press; the results of the other eleven 
experiments, covering a period of twenty-eight days, which do 


* Of this excess of water, amounting to nine one-thousandths of the theoretical 
amount, a part at least may be accounted for by a small leak in a valve through 
which the air current passed. This source of error, though carefully sought, was 
not discovered until it had evidently influenced a number of the experiments. 

+ Report Storrs Exp. Sta. 1896 p. 85. See also U. S. Dept. Agr., Office of Experiment 
Stations, Bul. 44. 

1U.S. Dept. Agr., Office of Experiment Stations, Buls. 63 and 69, and /Rept. Storrs 
Exp. Sta. 1897 p. 212. f 
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not form a part of the work of this Station, are soon to be 4 
reported in detail elsewhere. 
Each metabolism experiment, or series of experiments, was 
} immediately preceded by a digestion experiment of several days <s 
duration, in which the subject had the same diet as in the met- : 
abolism experiment, the purpose being to bring the body into 
approximate nitrogen and carbon equilibrium before the begin- 
ning of the metabolism experiment proper, and at the same 
time to secure a more nearly accurate measure of the digestibil- 
ity of the food. It is almost impossible to obtain exact nitro- 
gen equilibrium, since physiological factors, little understood 
and not easily controlled, cause more or less fluctuation in the 
elimination of nitrogen, even when the amount in the diet is 
uniform. These preliminary digestion experiments were gener- 
ally of four daysduration. Metabolism experiments Nos. 1-4, 
however, were preceded and followed by digestion periods of 
three days, while some later experiments were preceded by per- 
iods of usuaily four days, but sometimes more orless. In these 
-prelimininary digestion experiments the income and outgo 
of nitrogen were determined, so that the nitrogen metabolism 
— was measured and in this sense they are metabolism experi- 
; ments, although they are not here so designated, this term being 
= reserved for experiments in which carbon was also taken into 
ss account. There were altogether forty-four digestion and nitro- 
gen metabolism experiments which accompanied or made a part 
of the thirty-four experiments with the respiration calorimeter. 
They cover two hundred and one days. Only a small number: 
_---_—___ of the results of these digestion experiments, viz., those belong- 
B ing to metabolism experiments Nos. 1-4, have yet been pub- 
lished. 

The larger part of the seven years in which the work con- 
nected with the respiration calorimeter has been going on was 
devoted to the developing and perfecting of apparatus and ex- 
perimental methods; yet during the progress of the inquiry a 
mass of data has been accumulated and results bearing upon a 
variety of the questions enumerated on pages 97-99 have been 
obtained. 

While it is true that none of these topics can be discussed to 
the best advantage until the publication of further experiments 
or without due consideration of the results of research elsewhere, 
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nevertheless brief reference may be made to a few of them in 
order to illustrate some of the ways in which the experiments 
are throwing light upon the fundamental questions of the met- 
abolism of matter and energy in the body and, consequently, 
upon the general laws of nutrition. It is believed that the data 
already obtained are sufficient for the discussion of a number of 
problems. ‘These include (1) food materials supplied and con- 
sumed and the difference in the amounts demanded by men at 
rest and at work, (2) the elimination of water, (3) the elimi- 
nation of carbon dioxid, (4) the metabolism and elimination of 
energy, and (5) the income and outgo of energy. ‘These are 
all topics of general interest. Most of the physiological text- 
books and other works bearing on these subjects contain more 
or less detailed statements concerning them, and in some of 
them figures are quoted which have been generally accepted. 
It appears that in many cases these figures rest upon much less 
experimental evidence than is furnished by the experiments 
with the respiration calorimeter. In the construction of this 
apparatus it was possible to make use of the experience and 
results of earlier investigators, and it seems not unreasonable 
to suppose that the later methods have yielded results of a 
character which it was not possible to obtain previously. It is 
not impossible that future investigations will modify the figures 
which are here given, and any deductions that may be drawn 
from them; but it is believed that these results are of sufficient 
interest to warrant their publication and that they rest upon 
sufficient experimental evidence to make them useful for some 
time to come. 


THE, MEN WHO SERVED AS SUBJECTS. 


Four different men, FE. O:.,0. F..T., A. W.S., and’ J.-Pas2 
have served as subjects in these experiments. ‘They were all 
in excellent health. E. O. was a laboratory assistant, a Swede 
by birth, who had been a number of years in this country. At 
the time of the experiments here recorded he was about thirty- 
two years old and weighed not far from seventy kilograms 
(154 pounds). A. W. S. was a physicist, a native. of New 
England, twenty-five years old, and weighed about seventy 
kilograms (154 pounds). O. F. T., a chemist, the subject of 
but one experiment, No. 3, was also a native of New England, 
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* twenty-four years old and weighed about sixty kilograms (132 
pounds). J. F.S.,a chemist, was a Canadian by birth, twenty- 
nine years old, and weighed about sixty-five kilograms (143 
pounds). 

Occupation.—In the rest experiments the subjects were as 
quiet as they well could be. Practically their only muscular 
exercise was that involved in dressing and undressing, folding 
and unfolding the bed, chair, and table, eating, caring for the 
excretory products, and weighing themselves and the absorbers. 
They did more or less reading and writing to pass the time. 
In the work experiments they spent a number of hours, gener- 
ally eight each day, driving a stationary bicycle.* It was their 
purpose to do a reasonable but not excessive amount of work. 


CLASSIFICATION OF THE HXPHRIMENTS. 


Experiments Nos. 1 and 2 with E. O., No. 3 with O. F. T. 
and 4a and 4b with A. W. S. were rest experiments, while 4c 
with A. W. S. was a work experiment. In none of these ex- 
periments were satisfactory determinations made of the outgo 
of energy. The experimental days began at different hours, 
and were not divided into six-hour experimental periods, as 
was done in all experiments after No. 4: Taking into account 
the seventeen experiments, summarized in the following tables, 
in which the measurements of the outgo of energy were con- 
sidered satisfactory, there were seven rest experiments with E. 
O., covering twenty-five days, one rest experiment with A. W. 
S., covering three days, and three rest experiments with J. F. 
S., covering nine days, making altogether eleven rest experi- 
ments, covering thirty-seven days. There were also two work 
experiments with EH. O., covering eight days, and four work ex- 
periments with J. F. S., covering twelve days, making together 
six work experiments covering twenty days. Altogether the 
seventeen rest and work experiments covered a total period of 
fifty-seven days. In addition eleven rest experiments covering 
thirty days, and two work experiments covering six days have 
been completed in connection with a separate investigation. 

Each of these experiments is divided into days of twenty- 
four hours beginning and ending at 7 A. M. Hach day is 
divided into four periods of six hours each; the first two, 

_ ealled day periods, extending from 7 A. M. to 1 P. M. and from 
Ip. M. to 7 P. M.; the last two, called night periods, extending 
from 7 P. M. to1 A. M. and from 1 A. M. to 7 A. M. 


* Excepting in experiment No. 4b, in which the subject raised and lowered a weight 
attached to a rope which passed over a pulley. 
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‘he chief reason for beginning the experimental day in the © 


morning is found in the belief that the condition of the body in 
respect to the amounts of material in the alimentary canal and 
of carbohydrates (glycogen) and oxygen in the tissues and 
fluids would be more nearly the same, from day to day, at the 
end of the period of rest and sleep than at any other time. 


SUMMARIZED RESULTS OF INDIVIDUAL EXPERIMENTS. 
Table 23 summarizes the results of metabolism experiments 
Nos. 5) epracowg ry 2S! iy 9 UC es We 23-26, 28, 29,:31,132 and 34>. 
TABLE 23.—PArRT I. 


Summary of income and outgo of nitrogen and carbon in I7 €x- 
periments, covering 57 days. 
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Rest Experiments. Gm.|Gm|Gm.} Gm. | Gm. | Gm.| Gm.| Gm. | Gm. 
seSubject-L. Oc; = = dodged yo. 1p 248 .9/13.8|11.6/231.7| —8.2 
8| Subject E.O., - -| 4/20.8)1.3/19.5| 0.0/270 7|10.6|13.9|224.5|+21.7 
g| Subject E.O., - -| 4/19.11.3)18.4 — ,6/261.6|/13.4|12.6|223.6,+12.0 
13| Subject E. O., - -| 3/18.7/1.1/19.5|—1.9/245.8)11.1/15.1/205.2 +14.4 
14| Subject E.O., - -| 4/15.1) .g 16.2)/—2.0/239.0| 7.4/12.2/207.3 +12.1 
23) Subject E.O., - -| 3/19.81.1/19.0} —.3]244.9)10.2|12 2\216.4) +6.1° 
24| Subject E.O., - -| 3/19.8)1.3/18.2) + .3|299.7/10.5 II.8|230.9;+46.5. 
Av. 7 expts. E. O., - |25/18.91.2.18.4| —.7|258.7.11.0)12.8)/219.9 +15.0 
21| Subject A. W.5S., -| 3/15.5/1.0/15.4) —.9/215.2) 9.0)10 8|217.4|—22.0 
2s| Subject J. F.S., - - | 3/17.7/1.0,16.4) +.3/270.9) 9.7/12 9/216.6/+31.7 
26| Subject J. F.S., - - | 3/15.9/1.1/15.4] —.6/233.2) 9.4)11 o|196.1)-+16.7 
28| Subject J. F.S., - - | 3/15.8)1.2)15.3) —.7 245 .8|10.0|10.9/210.7|/+14.2 
Av. 3 expts. J. F.S., | 9/16.51.115.7; —.3|250.0) 9.7/11.6)207.8)+20.9 
Ay. 11 rest expts., - |87|/17.91.2/17.4| —.6/252.4/10.5/12.3/216.4/+-18.2 
Work Experiments. 
6: Subject BE: O7,” ~:~ A4\Ig.1/1.5|/16.5|4+-1.1|336. 7 12.4|12.5|/345.2/—33.4 
11| Subject E.O., - -| 4/19.8)2.2)18.1] —.5/373.5/20.2|)12.7 372.0;—32.0 
Ay. 2 expts. E. O., - | 8/19.5:1.9/17.3| + .3|855.1/16.3/12.6/858.9 —32.7 
29| Subject J. F.S.,- -| 3/16.0 .8/16.0] —.8/333.6] 8.3/11.2/334.9,—20.8 
31| Subject J. F.S.,- -| 3/16.1) .8/15.6| —.3/321.5 Sid 10.9/315 .8'—13.3 
32| Subject J. F.S.,- - | 3/16.1/1.2/15.7| —.8/320.0'12.6)/1T.0 325 .6'—29.2 
34| Subject J. F.S.,-  - | 3[16.0]1.2/16.7|\—1.9/335.7/11.6 I1.6|345.4/—32.9: 
Av. 4 expts. J. F.S., |12/16.1/1.0/16.0\—1.0/827.7/10.2)11.2 330.4,—24.1 
Ay. 6 work expts., - 20/17.2)1.816.4 —.5/836.8)12.2/11.7/339.9—26.9 
Av. all (17) expts., - |57|17.7|1.2/18.8 — 61282 .9/11.1/12. 1/283. 1| —1.0 
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showing the income and outgo of nitrogen, carbon and energy, 
and the gain or loss of body material in each experiment. The 
results are here grouped according to the character of the ex- 
periment, whether rest or work, and sub-grouped according to 
the person serving as subject. In each case the average given 
is computed for the total number of days of the experiments 


TABLE 23.—Part II. 


Summary of gain or loss of body material and of income and out- 


go of energy in 17 experiments covering 45 days. 








Serial Number. 
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Rest Experiments. |Grams.|Grams.| Cal. |Cal|Cal| Cal.} Cal. | Cal.| Cal.| Cal. | %> 
[Subject E. O., - - | —4.2| —7.8)/2655|143/128|—24| —73/2482/2379/—103|/—4. 
Subject E.O., - - 0.0/+28.3/2897/117/153| 00}/+.266/2361|2287) —75|—3. 
Subject E. O., - - | —3.6/+18.2/2717|142/149|—21/+171|2277|2309] +32/+1. 
Subject E. O., - - |—11.7/-+26.9/2596)125|173/—67|+ 253/2112/2151| +39/-+1. 
Subject E. O., - - /—12.4/+24.5/2513) 82/142/—71|+229/2131/2193) +62|+2. 
Subject E. O., - - | —1.6| +9.0/2546|114/141) —9| +84/2216/2176| —4o|—1. 
Subject E. O., - -| +1.7/-+59.7/3061|116}136)+ 10/+561/2238/2272| +34|+1. 
Av. 7 expts. E. O., | —4.5/+22.7/2712/120)146|—26)+ 213 2260/2252, —7|—8. 
Subject A. W. S., - | —5.6/—24.9|2264|100/126|—32/—-234|2304|2279] —25|—1. 
Subject J. F.S., - | +1.9)+40.4/2896|111/147/+11|-+385|2242/2244| +2/ +. 
Subject J. F. S.; - | —3.5/+24.4|2490|106|128|—20/+ 233/ 2043/2085] +42/+2. 
Subject J. F.S., - | —4.5)+21.8/2489)112/128)/—26|-+ 208) 2067|2079| +12) +. 
Av. 3 expts. J. F.S.,| —2.0)+28.9/2625/110 1384/—12)+-275,2117/2136, +19) +. 
Av. II rest expts., - | —4.0)+20.0/2648'115 141) —23)+-189 2225/2223, —2| —. 
Work Experiments. 
Subject E. O., - - | —6.9/+48.4/3678)139)/125|+40|—455|3829|3726|—103|—2. 
Subject E. O., - - | —3.0|—39.7/3862/219 133) —17|—374' 3901/3932]. +31] +. 
Av. 2 expts. E. O., ; +2. Pai 3770179, 129) + 12/—415 3865/3829, —36, —. 
Subject J. F. S., - | —5.0,—23.8/3487| 93/134/—28|—227/3515|3589] +74/+2. 
Subject J. F. S., - | —2.3\—15.9|3495| 91|129/—13/—151|3439|3420) —Ig} —. 
Subject J. F. S., - | —5.0—34.9/3487/142|119/—14|—350/3590|3565| —25) —. 
Subject J. F.S., - |—11.9,—35 .0/3493|126/126|—54|—350/3645/3587| —58|—I. 
Av. 4 expts. J. F.S.,| —6.1/—27.4/8491/113/127|—27|—270 3647/3540, —7| —.2 
Av. 6 work expts., - | —3.4—88.0/3584 135 128)—14,—318 3653 3637; —16| —.4 
Av. all (17) expts., | —3.8 +1.3 2978 122 136 —19| +102729,2722) —7| —.8 
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included in a given group. The results here summarized are 
used on the following pages in the discussion of the problems 
mentioned on page 102. 3 


Norte.—During the interval between the first and the last of these experiments, 13. 
experiments were carried on under the auspices of the Committee of Fifty for the In- 
vestigation of the Drink Problem, in connection with an independent investigation 
concerning the effect of alcohol in the diet. For convenience in keeping the labora- 
tory records all experiments were numbered consecutively. These experiments in 
which alcohol formed a part of the diet comprised Nos, 7, 10, 12, 15-20, 22, 27, 30 and 33. 
The details of the first two were published in Bul. 69 of the Office of Experiment Sta- 
tions of the U. S. Department of Agriculture; those of the remaining eleven will soon 
be published elsewhere. 


FOOD MATERIALS SUPPLIED AND CONSUMED, AND THE DIFFER- 
ENCE IN DEMAND BY MEN AT REST AND AT WORK. 


One of the objects of these experiments is to accumulate in- 
formation regarding the demands of the body for food with 
different persons and under different conditions of rest and 
work. Data bearing upon this question are found in all of the 
metabolism experiments. In each case the ration was deter- 
mined, as far as practicable, by the diet to which the subject 
had been accustomed under similar conditions. ‘The details of 
the experiments* show the total amounts and composition of 
the food, drink, and excretory products, from which are deter- 
niined the actual income and outgo of material in the body and 
the gain or loss of protein and fat by the body, as set forth in 
Table 24.. In this table the results of experiments Nos. 1-4 
are included in addition to those summarized in Table 23. 


By ‘‘available food’’ is understood the total food less the 
feces; in other words, the sum of the nutrients which are avail- 
able to the body for the building of tissue and yielding energy. 
No correction is introduced for metabolic products in the feces, 
since these were derived originally from the food (or body 
tissue), and are a necessary accompaniment of undigested ma- 
terial. The available energy of the food is the total heat of 
combustion of the food minus the heat of combustion of the 
unoxidized materials of feces and urine. No further correc- 
tion for the labor of chewing and digesting is included. 


It is assumed that the quantity of carbohydrates in the body 
is the same at the beginning as at the end of the experiment. 
The gains and losses of protein and fat are computed from the 





* Published in the bulletins of the Office of Experiment Stations above referred to. 
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Income and outgo of material in body, and gains and losses of 
protein and fat with different subjects and 
diets.—Amounts per day. 











SUBJECT, DURATION, AND CHARACTER 
OF EXPERIMENT. 





Rest Experiments. 


E. O. 9g experiments, 29 days, average: 
In available food, - : - 
In material oxidized, - s : 
Gain (+) or loss (—) in body, - 


Ona. as) experiment, § days, average: 


In available food, hg 7 a 
In material oxidized, = = 


Gain (+) or loss (— ) i in boon - 


A. W.S. 3 experiments, 9 days, average:| 


In available food, : “ . 
In material oxidized, - - : 
Gain (+) or loss (—) in body, - 


tobe. 4 experiments, 9 days, average; 


In available food, aa ey 4 
In material oxidized, - ; 
Gain (+) or loss (— en pody, - 


BO ah a A Wh ny), Pa: 
16 experiments, 52 days, average: 
In available food, = z 
In material oxidized, - : z 
Gain (+) or loss (—) in body, - 
Work Experiments. 

E. O. 2 experiments, 8 days, average: 

In available food, a é. i 


In material oxidized, - c 2 
Gain (+) or loss (—) in body, - 


A.W. 5S. 1 experiment, 3.days, average: 


In available food, f Fi re 
In material Oeidived: = - 
Gain (+) or loss (—) in Boi 2 


J. F. S. 4 experiments, 12 days, average: 


In available food, - 5 r 
In material oxidized, - 2 i 
Gain (+) or loss (—) in body, - 


Toes AGW. ey ys ee 7 experiments, 
23 days, average: 

In available food, . 2 . 

‘In material oxidized, - = : 

Gain (+) or loss (—) in body, - 
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gains and losses of the nitrogen and carbon.* Accordingly, 
the figures show the average daily amounts of available protein 
and energy supplied by the food and the amounts actually used 
by the body when the subject had a minimum amount of exer- 
cise and when he was engaged in decidedly active muscular 
work. 

The materials actually oxidized in the body are the available 
nutrients of the food minus the protein or fat gained or plus the 
protein or fat lost by the body. The data in the table show 
very clearly the demands of the body under the different con- 
ditions, and the increase in the demand which accompanied the 
performance of muscular work. In the rest experiments, the 
amounts of nitrogen in the available food and in the materials 
actually oxidized were larger with E. O. than with the other 
subjects. "he amounts of carbon and energy in the available 
food were also larger with E. O., but there was comparatively 
little difference in the amounts actually metabolized. In the 
work experiments the amounts of nitrogen in the available 
food and in the material oxidized were not greatly different, 
for any of the subjects, from those in the rest experiments. 
The amounts of carbon and energy, however, were somewhat 
larger, the greatest increase in the amounts metabolized being 
in the case of A. W. 5S. 7 

These experiments simply show the quantities of material 
and energy metabolized by a small number of men under 
specific conditions of work and rest. Their bearing upon the 
general subject of dietary standards can: be more advanta- 
geously discussed when it is possible to take into account not 
only these and other experiments with men in the respiration 
calorimeter, but also a large number of experimental inquiries 
and observations of dietary usage of people of different classes 
and occupations in different countries. 

There is no doubt that in many cases the body can be main- 
tained in nitrogen and carbon equilibrium with much smaller 
quantities of nitrogen and energy than those actually used by 
any of the men in these experiments. It is equally certain 
that in other cases the requirements are much larger. The 
tentative standards for daily diet which have been proposed by 





_* By the method previously described, U. S. Dept. Agr., Office of Experiment Sta- 
tions, Bul. 69, pp. 44, 45. 
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a number of investigators have served a useful purpose, but 
they will doubtless have to be modified as the fundamental 
data become more exact and numerous. 

One principle which thus far has not received adequate recog- 
nition in dietary standards may perhaps be expressed by saying 
that the standards must vary, not only with the conditions of 
activity and environment, but also with the nutritive plane at 
which the body is to be maintained. A man may live and 
work and maintain bodily equilibrium on either a higher or 
lower nitrogen level or energy level. One essential question 
is: What level is most advantageous? The answer to this 
must be sought, not simply in metabolism experiments and 
dietary studies, but also in broader observations regarding 
bodily and mental efficiency, and general health, strength, 
and welfare. 


ELIMINATION OF WATER. 


The water taken into the body in the food and drink and 
formed by the oxidation of hydrogen is excreted by the kidneys, 
lungs, and skin. The amount eliminated by the kidneys varies 
with the amounts taken in the food and drink and eliminated 
in the respiration and perspiration, and is, in consequence, very 
irregular. The amount of water given off by the lungs and 
skin appears to depend largely upon the muscular activity of 
the subject and the temperature of the surrounding air, and to 
be less affected by the income in food and drink. 

Income and outgo of water per day.—'Table 25 recapitulates 
the figures for the average amounts of water taken in the food 
and drink and eliminated in the various excretions in the seven- 
teen experiments previously enumerated. In all these experi- 
ments the days were divided into six-hour periods. 

It is to be remembered that there was considerable milk in 
the daily diet and this is reckoned as food rather than drink. 
How the amounts of water in food and drink in these experi- 
ments would compare with those in the average diet in general 
it is impossible to say for lack of sufficient data. ‘The average 
daily amount of water in food and drink together in the rest 
experiments was for E. O. 2,538 grams, for A. W. S. 2,275, 
and for J. F. S. 1,888 grams. In the work experiments with 
HO. it wasie.7 71 gtams.and with Je. S. 2,225 grams. 
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TABLE 25. 





Daily income and outgo of water. 
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Rest Experiments. | Gms. | Gms. | Gms. ||Gms.| Gms. | Gms. | Gms. 
E. O., 7 experiments: | 
Minimum, - = 653 | I290 | 2153 Ab A,TOs7 697 | 2015 
Maximum, - : Le 1270.1 1872513049 98 | 3120 | 1143 | 4306 
Average, - -| 25 1058 | 1480 | 2588 || 68 1985 | 948 | 2946 
A. W.S., I experiment: 
Minimum, - - Ie S00. 1M F384 s8 2294 46 | 1628 82i | 2496 
Maximum, - —_- | 890 | 1385 | 2275 46 | 1909 | 808 | 2853 
Average, - -| 8) 890 | 1885 | 2275 || 46 1748) 869 | 2648 
J. F. S., 3 experiments: | 
Minimum, - = | 1040 800 | 1840 19 913 7Qr | FST 
Maximum, - 4 | 1078 goo ..| 1978 57 | 1489 879 | 2345 
Average, - -j| 9/1055 | 838 | 1888 |} 43 1219 830 | 2091 
Avg. Ir expts., | 87 | 1044 | 1815 | 2859 || 67 | 1745 | .912 | 2714 
Work Experiments. 
E. ©., 2 experiments: 
Minimum, - - Q5I | 1200 | 2151 gi 815 | 1762 9, 2018 
Maximum, - - 1384 | 2100 | 3079 || TOO | 1275 | 2699 | 3981 
Average, - -| 8] 1168 | 1603 | 2771 || 96 | 1011 | 2275 | 3382 
J. F. S., 4 experiments: | 
Minimum, - - g16 | 1250 | 2166 36 1) O41 L107 i 228 
Maximum, - ruil ae 1036 | 1250 | 2286 72 \°I433') 20040 32Te 
Average, .-- - | 12 |. 976 | 1250 | 2995 52 | 905 | 1670 | 2627 
Avg. 6 expts., - | 20 | 1052 1891 | 2448 || 70 | 947 | 1912 | 2929 





The amount of urine excreted per day in the rest exper- 
iments averaged with E. O. 2,003 grams, containing 1,935 
grams of water; with A. W. S. 1,798 grams, containing 1,743 
grams of water, and with J. F. S. 1,266 grams, containing 
1,219 grams of water. ‘The average for the thirty-seven days 
of the rest experiments with the three subjects was 1,807 
grams of urine, containing 1,745 grams of water. Inthe work 
experiments the amount of urine excreted averaged with E. 
O. 1,081 grams, containing I,o11 grams of water, and with 
J. F. S. 961 grams, containing 905 grams of water. ‘The aver- 
age for the twenty days of work experiments with both subjects 
was 1,009 grams of urine containing 947 grams of water. 
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The variations in the amounts excreted from day to day in 
experiments of the same kind with the same man were very 
wide. Thus, in the rest experiments with E. O. the urine fell 
on one day to 1,091 grams with 1,037 grams of water, while on 
another day it rose to 3,208 grams with 3,120 grams of water. 
It is to be observed that these experiments were made at differ- 
ent times during a period of two years and covered in all twenty- 
fivedays. In the rest experiments with A. W. S., on the other 
hand, there is but one experiment covering three days. Al- 
though the quantities of water in the food and drink were 
almost exactly the same from day to day, the quantities of 
urine and water in the urine were irregular, the range being 
from 1,681 grams of urine containing 1,628 grams of water to 
1,965 grams of urine containing 1,909 grams of water. In the 
rest experiments with J. F. S. the quantities ranged from 975 
grams of urine containing 913 grams of water to 1,551 grams 
of urine containing 1,489 grams of water. ‘These extremes 
occurred respectively on the first and third days of the first 
experiment with this subject. 

In the work experiments with E. O., made at intervals of 
over a year, the water of food and drink ranged from 2,151 to 
3,079 grams per day. ‘There were corresponding variations in 
the amount of urine and of water in the urine, though the 
range was not wide, the minimum amount of urine being 879 
grams containing 815 grams of water, and the maximum 1,350 
grams containing 1,275 grams of water. In the work experi- 
ments with J. F. S., which were made at short intervals during 
the same year, the water of food and drink ranged from 2,166 
to 2,286 grams, and the variation in the amount of urine per day 
was from 695 grams of urine containing 641 grams of water, 
to 1,488 grams of urine containing 1,433 grams of water.. 

In comparing the averages of the rest and work experiments 
with both subjects EK. O. and J. F. S., it will be observed that 
while the quantity of water in the food and drink was con- 
siderably larger in the work than in the rest experiments, the 
amounts of urine and water in the urine were larger in the 
latter than in the former. The differences, however, varied 
with the two subjects. Thus with HE. O. the total income of 
water was over Io per cent. larger in the work than in the 
rest experiments, but the outgo in the urine was but a little 
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over half as large in the former as in the latter. WithJ. F.S. 
the total income in the work experiments was nearly 20 per 
cent. larger than in the rest experiments, but the outgo in the 
urine was only three-fourths as large in the former as in the 
latter. With both subjects, the amount of solids in the urine 
was slightly larger in the work than in the rest experiments. 

Elimination of water by respiration and perspiration.—The 
differences in the elimination of water in the urine in the rest 
experiments as compared with the work experiments finds a 
ready explanation in the figures for water in the respiration 
and perspiration. The amounts of water thus eliminated by 
H. O.. averaged 2,275 grams in the work ‘experiments as 
compared with 948 grams in the rest experiments; and by J. 
F. S. 1,670 grams in the work experiments as compared with 
830 grams in the rest experiments. In other words, it is 
evident that the'water eliminated by the kidneys depends upon 
the ratio of water in the food and drink to water of respiration 
and perspiration. The kidneys rid the body of the water not 
thrown off by the lungs and skin. 

It is commonly assumed that the expired air is. saturated 
-with moisture. Supposing this to be a fact, the quantity of 
water given off from the lungs would be proportional to the 
amount of expired air. In times of active muscular exercise 
the volume of this air is larger than in times of rest, and, 
consequently, the amount of water given off from the lungs 
would be larger. Furthermore, the perspiration from the skin 
increases greatly with the muscular activity. With E. O., the 
amount of water excreted per day from the lungs and skin in 
the work experiments was 2% times as large as in the rest 
experiments. With J. F. S. it was twice as large in the work 
as in the rest experiments. | 

The balance of income and outgo of water is decided not 
only by the amounts in food and drink on the one hand, and by 
the amounts eliminated by the kidneys, lungs, and skin on the 
other, but also by two other factors. One of these is the 
amount of water formed within the body by the oxidation of 
hydrogen, the other is the change in the amount of water 
in the alimentary canal and in the tissues and fluids of the 
body. This topic, however, cannot be discussed further until 
additional data which are being accumulated are available. 
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One point, however, is so interesting that a word regarding 
it may be in placé here. Comparisons of the figures for 
amounts of hydrogen oxidized, as given in the tabular details 
of the experiments, show that if all the water formed by the 
oxidation of the hydrogen of the food and body material were 
eliminated through the lungs and skin, and none through the 
kidneys, it would account for only about one-third of the water 
of respiration and perspiration in the rest experiments, and 
only about one-fourth of that in the work experiments. It is 
therefore evident that the increase of water of respiration and 
perspiration during periods of muscular activity is due not so 
much to an increased oxidation of hydrogen as to an increased 
excretion through the lungs and skin of water from some other 
source. 

The amounts of water eliminated by the lungs and skin in 
the different periods of the day as compared with the day as a 
whole are shown in Table 26. 

In the rest experiments with E. O. the total amount of 
water of respiration and perspiration ranged from 697 to 1,143, 
and averaged 948 grams per day. Comparing the twelve hours 
of the day with the twelve hours of the night, the amounts of 
water eliminated were practically the same, being, respectively, 
49.5 and 50.5 per cent. of the whole. | Comparing by periods, 
the largest elimination, 42.6 grams per hour, was in the first, 
and the smallest 37.3 grams per hour, in the last of the night 
periods, but the differences in the different periods were not 
large. ‘The amounts with A. W. S. were somewhat smaller, 
the average daily elimination being 859 grams. Here again it 
was equally divided between the day and the night, and the 
amounts in the six-hour periods differed but little, although 
the amount in the first night period was slightly larger than 
that in the second night period, the latter being little smaller 
than in either of the day periods, as was the case with E. O. 
The average daily elimination with J. F. S., 830 grams, was 
still less than with A. W. S. In this case the elimination was 
somewhat larger during the day than during the night periods, 
being 52 per cent. of the whole for the former as compared with 
48 per cent. for the latter. The average for both the day per- 
iods was the same, 36.0 grams. As was the case with the 
two other subjects, the average for the first night period was 
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larger than that for the second. ‘Taking the rest experiments 
with the three subjects together, the daily average for thirty- 
seven days was 912 grams, or 38.0 grams per hour. ‘The 
amounts per hour in the four periods were respectively 37.2, 
20.0, 40.4 and 35.4 (grams, or 2475,°25.6, 26:60 and 2qigees 
cent. of the total for the day. 


TABLE 26, 


Water eliminated by lungs and skin.—Amounts per day, and 
rates and proportions for different periods. 
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In the work experiments, in which the subjects E. O. and J. 
F. S. were engaged in active muscular work eight hours each 
day between 7. A. M. and 7 P. M., the average daily outgo of 
water through lungs and skin was increased to 1,912 grams per 
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day. With H. O. this increase is noticeable in all four periods, 
but is especially marked in the first day period, the average in 
that period being three times as great in the work as in the rest 
experiment. In the majority of cases the amount gradually 
fell off during the subsequent periods; but even during the 
last night period the average was nearly 134 times as large for 
the work as for the rest experiments. Of the total daily 
amount 60.3 per cent. was given off during the two day per- 
iods, and 39.7 per cent. during the two night periods. With 
J. F. S. there was an increase in elimination during the day 
periods only, being most noticeable in the second, in which it 
was three times as large in the work as in the rest experiments. 
The elimination during the night periods was practically the 
same in the work as in the rest experiments. Of the total 
daily amount eliminated by this subject in the work experi- 
ments, 75.5 per cent. was given off during the two day periods, 
and 24.5 per cent. during the two night periods. In the aver- 
age of the experiments with the two subjects the amounts for 
the four periods were respectively 107.2, 110.3, 55.1 and 46.0 
PiatioePerinGuls.00 13337, 34,0,.17 23, ald 14.4 per centeonsthe 
total. 

The parallelism between muscular work and increased water 
elimination by the lungs and skin is not close, nor does the in- 
crease, coincide at all exactly with the period of work. The 
‘‘lag’’ in elimination of water, 1. e., the length of time between 
its ingestion in food and drink or its formation by the oxidation 
of hydrogen on the one hand and its elimination by various 
- channels on the other is decided by factors too complex for full 
discussion here, and is reserved for discussion in the light of 
later experiments. 


ELIMINATION OF CARBON DIOXID. 


The carbon dioxid given off from the body is derived wholly 
from the oxidation of the carbon of the food and body material, 
and hence serves asa measure of the amount of that oxidation. 
The quantity given off in the urine and feces is very small in- 
deed. It is here neglected, and that given off by the lungs and 
skin is taken as representing the total elimination. The quan- 
tity eliminated in a given period depends upon a variety of 
conditions, among which are (1) the character of the diet and 
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the time which has elapsed since the last meal was taken, (2) 
the muscular activity of the subject, whether at rest or at work, 
(3) the external temperature, (4) the age and body weight, 
and (5) individual peculiarities of the subject. The accuracy 
with which the carbon dioxid eliminated for a given period 
measures the production for that period depends upon the 
so-called ‘‘lag’’ in the elimination, a topic to be discussed in 
another place. . 

In the experiments here considered there are considerable 
fluctuations in the output. Of the factors which cause these 
fluctuations the most important is the muscular activity. The 
differences in the food were. mainly those called for by the 
differences in the muscular exercise. The external tempera- 
ture, i. e., that of the air in the chamber, was kept as near to 
20°C. asconvenient. ‘The subjects were young, healthy, active 
men, of similar age, height, and weight, but differing slightly 
in the amounts of food to which they were accustomed, so 
that there was nothing to imply differences in personal charac- 
teristics so great as to effect materially the oxidation of carbon. 

The figures for the daily elimination of carbon dioxid are 
summarized in ‘Table 27, which shows the average amount 
per hour during each period and for the whole day, and the 
percentage which the output for each period makes of the 
average amount for twenty-four hours. 

The elimination of carbon dioxid under conditions of rest 
averaged 796 grams per day, or 33.2 grams per hour, in the 
twenty-five experimental days of the seven experiments with HE. 
_O.; 797 grams per day, or 33.2 grams per hour, in the three 
experimental days of one experiment with A. W..S.; andig62 
grams per day, or 31.8 grams per hour, in the nine experimen- 
tal days of three experiments with J. F..S. The range was 
from 739 to 879 grams per day with E. O., from 787 to 816 
with A. W. S., and from 715 to 801 with J. F.S. It will be 
remembered, however, that the experiments with H. O. were 
made at different times during two years, while with A. W. 5S. 
there was but a single experiment. ‘rhe experiments with J. 
F. S. were made at short intervals during one year. In eight 
experimental days of the two experiments in which the subject 
E. O. was engaged in active muscular work, for eight hours. 
each day the output averaged 1,316 grams per day, or 54.8 


¥ 
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grams per hour; while in twelve experimental days in which 
the subject J. F. S. was similarly engaged it was 1,212 grams 
per day or 50.5 grams per hour. 


TABLE 27. 


Carbon dioxid eliminated by lungs and skin.—Amounts per day, 
and rates and proportions in different periods. 










































































xa) | PROPORTION OF 
are sd RATE PER Hour. TOTAL IN 24 
fk Sheabletes | Hours. 
Poko : 4 : 1 eae << : : 
eMGH giieiele VpaeMia eid? aac ko Wee: tei, (Sy ees 
SUBJECT AND KIND ied Gee a a = 5 “§ «i 2 es 
oF EXPERIMENT. ee Sule reouts hink Oe 1O H a ites N 
Dede igo ey Cea Onan Op. lS Oo Gov O aol ae 
ce me ee ein ee =| i Pe 
Rest Experiments. Gm.| Gm.| Gm.| Gm.) Gm.) Gm.|| % | % | % | % 
F. O., 7 experiments: 
Minimum, - - 739/35 .1/33.2/31.2|20.4/30.8 
Maximum, - = 879/43.2|42.8/42.2/25 .6/36.6 
Average, - -| 25 | 808/88.3137.836.122.433.7 28.5 28.1:26.8116.6 

Pena al Expt.s 
Minimum, - - 787/38 1/35 .9|/30.9/21.8/32.8 
Maximum, - - 816/41 .5|38.2/33.7/24.3/34.0 
Average, - -| 8 | 797/09.8/87.1/82.823.2\33.2)|29.9/27.9|24.7/17.5 

Naeem, 3 EXDts.: 

Minimum, - - FL513324133.2120,1121,..21\29.8 

Maximum, - - 801/39. 7/40.1/36.3/23.3/33.4 

Average, - -| 9 | 762/87.0/86.1/81.6:22.3/31.8/29.1:28.4/24.9117.6 
Ay. of 11 expts., | 87 | 796/88.17.3:34.8 22.533.2 28.7 28.1/26.217.0 

Work Experiments. 

Ee. 2 -expts.: 
Minimum, - - 1195|69.4/65 .0/33.9/19.9/49.8 
Maximum, - - 1510/90. 2/98. 2|42.2/26.2/62.9 
Average, - -| 8 |1016)78.4/79.5/88.423.1)54.8)35.7/36.3/17.5/10.5 

Pee E Pidey Arex ptsa* 

Minimum, - - 1080/63 .4/61.9|27.8/21.0/45.0 

Maximum, - - 1292/81 .0|79.8/36.2/24.1/53.9 

Average, - -| 12 |1212)/738.6/74.7/81.3 22.3 50.5)/36.5/387.0/15.5/11.0 
Av. of 6 expts., | 20 |1253/75.5/76.6/84.1 22.6 52.2 /36.2/36.7/16.3/10.8 











During the rest experiments, in which the subjects had as 
little muscular activity as possible, there was but little differ- 
ence in the elimination of carbon dioxid during the two day 
In the seven experiments with E. O. 


and first night periods. 


the average rate per hour during these three periods was 38.3, 
37.8, and 36.1 grams, respectively. 


9 


In the experiment with 
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A. W. S. there was a slightly larger amount of carbon dioxid 
eliminated in the first two than in the third period, the rates 
being 39.8, 37.1, and 32.8 grams, respectively. In the four 
experiments with J. F. S. the elimination during the first three 
periods averaged 37.0, 36.1, and 31.6 grams per hour, respect- 
ively. During the second night period, when the subject was 
generally asleep for nearly the whole time, the output fell off 
with E. O. to 22.4, with A. W. S. to 23.2 and with J. F. S. to 
22.3 grams per hour. Not only are the averages with the 
three men in close accord, but the range of variation in the 
different days and experiments is decidedly narrow for all. In 
the average of the eleven experiments the proportion given off 
in each of the four periods of the day is 28.7, 28.1, 26.2, and 
17.0 per cent., respectively. 

The elimination of carbon dioxid in the two day periods of 
the work experiments was more than twice as large as in the 
two day periods of the rest experiments. With EH. O. the 
average amounts given off were 78.4 grams in the first and 
79.5 in the second day period when at work as compared with 
38.3 and 37.8 grams, respectively, when at rest. With J. F.S. 
the amounts averaged 73.6 and 74.7 grams in the day periods 
of the work experiments as compared with 37.0 and 36.1 grams 
in the corresponding periods of the rest experiments. The 
elimination in the two night periods averaged with E. O. 38.4 
and 23.1 grams in the work experiments as compared with 36.1 
and 22.4 grams in the rest experiments, the differences being 
small; with J. F. S. the amounts were practically identical, 
being 31.3 and 22.3 grams in the work experiments as com- 
pared with 31.6 and 22.3 grams in the rest experiments. 

The uniformity in the amounts of carbon dioxid given off dur- 
ing the second night period in all the experiments is very no- 
ticeable. Such data may perhaps be taken as an approximate 
measure of the metabolism of carbon in the body of an active © 
healthy man when at its lowest ordinary ebb. 7 


ELIMINATION OF ENERGY. 


Measurements of energy.—The kinetic energy given off by 
the body is measured in these experiments as the sum of three 
quantities: (1) The heat taken up by the water current in 
its passage thrqugh the chamber; (2) the latent heat of the 
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water vapor given off by the body—i. e., of the water va- 
-porized by its heat and carried out in the air current, due 
corrections being made for water condensed upon the absorb- 
ers; (3) the heat equivalent of the muscular work done. 

In the measurements of energy of income and outgo of the 
body the temperature of the interior of the chamber, generally 
about twenty degrees, is taken as the basis for computations of 
the heat removed or given off by food, drink, and excretory 
products in the chamber.* 


(1) The heat carried away by the water current includes 
(a) the heat given off from the skin by radiation and conduc- 
tion; (6) that brought out of the body in the feces and urine 
and given off in the cooling of these excretory products to the 
temperature of the chamber; (c) that brought out of the body 
in the air, carbon dioxid, and water excreted by the lungs and 
skin and given off in their cooling to the same temperature; 
(d) the latent heat of vaporization of so much of the water 
of c as is permanently condensed on the’ absorbers (mainly 
collected as drip water), and (e) the heat produced by the 
transformation of the external muscular work. ‘The heat of a, 
b, c, and e finds its way by radiation and conduction to the sur- 
face of the copper absorbers and passes with that of d into the 
water current, by which it is carried out of the chamber. 


(2) Although the air current enters and leaves the chamber 
at the same temperature, it carries out more heat than it brings 
in. The extra heat carried out is the latent heat of the water 
vapor added to the air of the chamber by the subject.f The 
amount of this heat is learned from the amount of water vapor 
and its latent heat of vaporization at the given temperature. 


(3) The external muscular work is measured and the heat 
equivalent calculated. Before leaving the chamber it is trans- 
formed into heat, which is carried away by the water current, 
as above stated. 


Energy given off in different ways as heat and as external 
muscular work.—The average amounts of energy given off by 
the body per day in the different ways are shown in Table 28. 


* U.S. Dept. Agr., Office of Experiment Stations, Bul. 69, p. 20. 
+ The differences in specific heat of the air due to loss of oxygen and gain of carbon 
dioxid are here assumed to be negligible. 
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TABLE 28. 
Energy given off by the body in different ways.—Amounts per 
day. 
HEAT ELIMINATED. | = 
> . 
xe) irs 
may ic tn | 96 
oo) fo |S eae. ae 
vg|/ 28 is oe i dee eI 
SUBJECT AND KIND OF EXPERIMENT. Bart lh es a ade ey ae re > 
OU wu q z n Ea os H 
wm A = al fe) Vo 
Sh © fe) en = ik 2 
ao bg q Pat) g 5 
ae ae ag 
Rest LEexperiments, Cal. Cal. Cale Cal. Cal. 
E. O., 7 experiments: 
Minimum, - - - ~ - 1479 | 19 412 | — | 2062 
Maximum, - - - - - 1835 | 56 673 | — | 2452 
Average, -°. = --. - - =| Q6°) 1673) OO.) SOG] sissies 
ASIW a5... experiment: 
Minimum, - - - - - 1710 | 30 486 | — | 2226 
Maximum, - - - - ~ T7827) 534 BST | aa 
Average, - - ~ - : . 8 | 1739 | 32 509 | — | 2279 
bes. 3 experipicnts: 
Minimum, - - - - - 1564 | 17 468 | — | 2065, 
Maximum, - - - - - LISOr Leo 520 | — | 2297 
Average, - - - - - | 9 |°162271'28 | 491 >\-—)a1Se 
Average of II experiments, - - | 87 | 1666 | 82 | 588} — | 2261 
Work Experiments. 
E. O., 2 experiments: 
Minimum, - - - - - 2045 |-17°>|- 1041 | 193) 3473 
Maximum, - - = - - 2521 | 25 | 1560 | 270 | 4287 
Average, *- “= = - - -| §8 | 2249 | 20 | 1882 | 228 | 3829 
J. F. S., 4 experiments: 
Minimum, - >i Sein - - 2185 4023 709 | 127 | 3253 
Maximum, - - - - - 2400 | 27 | 1240 | 277 | 3890 
Average, - - = «= 1 19-0996 | 18% S988 eosmmouse 
Average of 6 experiments, - = | 90-1 9877 |.19 | 11969) 234 agese 








The figures in the second column are obtained by subtracting 
the sum of the quantities of heat given off by the feces and 
urine in cooling and by the water in condensing on the ab- 
sorbers and the heat equivalent of the external work (d-- 
d+e above) from the total heat taken from the chamber by 
the water current. Accordingly they represent the sum of the 
quantities of heat given off by the skin directly and by the 
product of respiration and perspiration in cooling to the tem- 
perature of the room (a+¢ above). It is hoped that it will be 
possible later to make at least approximate estimates of the 
latter quantity and thus show the amount of heat given off by 
the skin alone. 
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The figures for the heat given from the urine and feces, as 
shown in the third column in Table 28, are calculated from the 
weights of these excreta, their fall in temperature and their 
specific heats. The weights are found by the balance. The 
fallin temperature is the difference between the temperature of 
the body and that of the interior of the chamber. ‘This differ- 
ence averages about seventeen degrees. The specific heats are 
‘ arbitrarily assumed, that of feces being taken as 0.9 and of 
urine. 10; 

The figures in the fourth column represent the latent heat of 
vaporization of the water given off by the lungs and skin. For 
the rest experiments this water is in general that carried out 
of the chamber in the air current in excess of that brought 
into the chamber by the same current. Ina few rest experi- 
ments, however, and in all the work experiments more or less 
water is condensed on the absorbers and is not carried out by 
the air current. The figures in the third column include the 
heat given off in the condensation of this water vapor upon 
the absorbers along with the latent heat of vaporization of the 
water in the air current. The reason why little or no water was 
condensed on the surfaces of the absorbers in the rest experi- 
ments is that the temperature of the incoming water current 
was asa rule above the dew-point of the air inside the chamber. 

The fifth column shows the heat equivalent of the external 
muscular work done in the work experiments. It is measured 
by the bicycle dynamo apparatus by which the mechanical work 
is transformed into electrical energy and into heat. 

According to the figures of Table 28, in the thirty-seven 
days of the eleven rest experiments the average amounts of 
heat given off per day from the skin (together with that in 
the expired air) was 1,666, in urine and feces 32, and in 
the water vaporized from the lungs and skin 533 calories, 
making the whole daily elimination 2,231 calories. With E. 
O. the range in total heat eliminated was from 2,062 to 2,452 
and the average 2,259 calories. With A. W. 5S. the range was 
from 2,226 to 2,348 and the average 2,279 calories. With J. F. 
S. the range was from 2,065 to 2,297, and the average 2,136 
calories. ‘Taking into account the experiments with all the 
subjects the average amounts of heat given off in different 
ways may be expressed in percentages as follows: 
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TABLE 29. 


Percentages of total energy given off from the body in different 

















Ways. 
H In rest — In work 
ior experiments. | experiments. 
7o Jo 

From skin by radiation and conduction (and in 

exhaled air), - - - - - - 7Aso 62.3 
In urine and feces, - - - - - 1.4 5 
In water vaporized from ees and skin, - - 24.4 30.8 
Heat equivalent of external muscular work done, — 6.4 

Total, - 2 - - - - -  “TOORO 100.0 





Energy given off from the body in different periods of the day. 
—TTable 30 summarizes the data for the outgo of energy during 
the different periods of the day in the seventeen experiments, 
covering fifty-seven experimentaldays. Asin the two previous 
- tables, the figures for heat eliminated include (1) the quantity 
given off from the body and measured by the calorimeter, (2) 
that given off in the water vaporized during the same periods, 
i. e., carried away from the body in water vapor, and (3) the 
heat equivalent of the external muscular work done. The 
temperature of the body and the amount of material it contains 
varies somewhat from time to time. It is assumed that at the 
hour when the experimental day begins and ends, 7. A. M., 
they will be very nearly the same from day to day. If they are 
the same at these times the total quantity of heat in the body 
at the beginning and end of each experimental day will be the 
same. The total quantity of energy given off from the body 
during the day will in this case be equivalent to the total 
amount liberated within the body, and will be closely parallel 
with the amounts of carbon and hydrogen oxidized. Taking 
each of these four periods of the day by itself the differences 
between the amounts of heat stored in the body at the begin- 
ning and end will probably be larger than is the case for the 
whole day. For individual periods, therefore, the parallelism 
between the amounts of carbon oxidized and heat given off will 
hardly be as close as for the whole day. 
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TABLE 30. 


fleat given off by body, including for the work experiments the 
heat equivalent of the external muscular work.—A mounts 
per day and rates and proportions for different periods. 








PROPORTION OF 





















































4 Sy RATE PER HOUR. | TOTAL FOR 24 
eae HOURS. 
Salles : : ; . Z 3 ‘ : 
AN el at ane a a a a a a a = 
SUBJECT AND KIND (9 | 55 a ae ha a iM a 0, a a 
OF EXPERIMENT. | 9 | & 2 H N H eee os H ~ 4 ~~ 
Oe Es i Sen IES ee ine ee, lace aes 
Re en aeg eens aera Ee rel mich) =: 
Rest Experim' ts. mri Calem Calen Onl; Cal, Cali Cal % % % % 
ee. F Expts, : 
Minimum, -~ /|2062| 94.5| 90.4) 83.9/62.8) 85.9 
Maximum, . 2452|116.6|124.0/121.8/77.8/102.2 
Average, - - 25,2259/103.3/103.8,100.7/68.7) 94.1 27.4/27.6/26.7/18.3 
pie Vr F CXDt.."| 
Minimum, - 2226|111.6|101.6) 91.9/62.7| 92.8]| 
Maximum, - 2348/119.8/106.9| 94.3|/70.4| 97.8 
Average, - - | 3/2279)114.5)104.5) 98.3/67.5) 95.0)/30.1/27.5/24.6)17.8 
jeer 3 exnts.: 
Minimum, “ 2065/104.8) 93.5] 80.0/58.1| 86.0 
Maximum, - 2297/119.9|/103.6| 98.7/64.4| 95.7] 
Average, - - | 92136)109.0) 98.7) 88.2/60.2) 89.0 30.6/27.7/24.8)16.9 
Av. 11 expts., |87/2280)105.7/102.5) 97.0|66.5 92.9 28.4 27.6/26.1/17.9 
Work Experim’ ts. | 
E. O., 2 expts.: 
Minimum, - 3473\195 .3/192.8/108.0/68 .8/144.7 
Maximum, - 42871240.5/281.8/128.8)79.6)178.6 
Average, - - | 8/3829 212.2:231.5.120.5'74.0160.0 33.3/36.3)18.9)11.6 
Wttereycn a: CX Dtoe: 
Minimum, - 3253/187.8)/185.5| 89.9/60.1/135.5 
Maximum, - 3890/239.9|/241.3/111.0/70.0/162.1)| 
Average, - - |19/3540/212.0216.7) 97.2\64.2/147.5|385.9/36.7/16.5/10.9 
Av. 6 expts., |20/8656/212.0 222.5/106.5'68.2/152.3)/84.8)36.5/17.5/11.2 











From the quantities of heat given off from the body in the 
different periods of the day, as summarized in Table 30, it will 
be noted that in the thirty-seven days of the eleven rest experi- 
ments with FE. O., A. W. S., and J. F. S. the average amounts 
of heat given off per hour in the four successive six-hour per- 
100s 110tiay A, Mi. tt 7 Ay Mee Were 10323; 103,35); 100.7, and 68.7 
calories, respectively, the average hourly rate for the whole 
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day being 94.1. The percentages of the whole amount for the 
day given off in the several periods are 27.4, 27.6, 26.7, and 
18.3, respectively. 

The average hourly rate for the twenty days of the six work 
experiments with E. O. and J. F. S. was 152.3 calories. The 
rates for the different periods beginning with 7 A. M. were 
212.0, 222.5, 106.5, and 68.2 calories, respectively. The corre- 
sponding percentages are 34.8, 36.5, 17-5; arid (1 1a 

It thus appears that for the two day periods in which the 
subjects were engaged in active muscular exercise for eight 
hours the quantity of heat given off was more than twice as’ 
large as in the corresponding periods of the rest experiments. 
In the first night period the amount per hour in the work 
experiments was not greatly in excess of that in the. rest 
experiments (106.5 calories as compared with 97.5). In the 
second night period the quantities were more nearly the same 
(68.2 calories in the work experiments and 66.5 in the rest 
experiments). 

The uniformity in the amounts of heat given off duane the 
second night period calls for special notice. In the rest experi- 
ments with E. O., covering twenty-five days, the range is from 
62.8 to 77.8 and the average 68.7 calories per hour; in the 
experiment with A. W.5., covering three days, the range per 
hour is from 62.7 to 70.4 and the average 67.5 calories. In 
the twelve days of the work experiments with EH. O. the 
amounts are a little larger than in the rest experiments with 
the same subject, ranging from 68.8 to 79.6 and averaging 74.0 
calories per hour. That the elimination of heat during this 
period is larger in the work than in the rest experiments 
is perhaps explained by the fact that while the subject was 
decidedly tired at night, and supposed that he slept more 
soundly than in the rest experiments, he moved more, and to 
the observers outside the chamber appeared more restless. In 
the work experiments with J. F. S. also the amounts during 
this period are slightly larger than in the rest experiments, 
ranging from 60.1 to 70.0 and averaging 64.2 calories per 
hour. It is noticeable that in the second night period the rate 
with J. F. S. is smaller than that with E. O., the ratio of the 
former to the latter being about the same in both work and 
rest experinients. 3 
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From the results obtained in the second night periods in 
these experiments, it would seem that from 65 to 70 calories 
per hour might be not far from representing an average elim- 
ination of heat by a healthy, active man in the time of min- 
imum bodily activity. 


Relation between elimination of heat and of carbon dioxid.— 
The rates of elimination of heat and of carbon dioxid in the 
different periods are nearly parallel, as will be seen by compar- 
ing the figures of Tables 30 and 27. Both these values in the 
two day periods of the work experiments are largely in excess 
of the similar values in the same periods of the rest experi- 
ments. ‘The values for both these factors in the second night 
period of the same experiments, which was one of quiet sleep, 
were small and noticeably uniform. 


INCOME AND OUTGO OF ENERGY. 


Perhaps the most interesting results of these experiments, 
both because of their novelty and because of their bearing 
upon the metabolism and the conservation of energy in the 
living organism, are those which compare the amounts of 
potential energy in the materials actually oxidized in the 
body with the amounts of kinetic energy given off from the 
body either as heat alone in the rest experiments or as heat 
and external muscular work in the work experiments. In the 
rest experiments there was no considerable amount of external 
muscular work. ‘The little that was done would naturally be 
converted into heat, as, for instance, in the impact of the foot 
upon the floor in stepping, or of the body upon the chair or bed 
in sitting or lying down. ‘The heat thus imparted to the floor, 
chair, or bed would naturally find its way to the absorbers, 
and would be carried out with the heat given off as such by 
the body. Roughly speaking, we may say that all the poten- 
tial energy made kinetic in the body by the oxidation of food 
and body material left the body as heat. This is shown by 
the agreement of the amount of heat given off from the body 
with the heat of oxidation of the material oxidized in the body. 
These data are summarized in Table 31. 
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TABLE 31. 


Comparison of income and outgo of energy in experiments cover- 
ng 57 experimental days.—Amounts per day. 








SUBJECT AND KIND OF EXPERIMENT. 














Rest Experiments. 
Experiments with E. O.: 


Experiment in which the net outgo falls 
farthest below the net income (No. 5); 
average for the whole experiment, 


Experiment in which the net outgo is far- 


thest above the net income (No. 


average for the whole experiment, 


Average for 7 experiments, - 


Experiment with A. W. S.: 
Average for one experiment, - - 


Experiments with J. F. S.: 
Average for 3 experiments, - - 


Experiments with E. O., A. W.S., and J. 
hess 


Average for II experiments, - - 
Work Experiments. 


Experiments with E. O.: 

Average for 2 experiments, - - 
Experiments with J. F. S.: 

Average for 4 experiments, - - 


Experiments with E. O. and J. F. S.: 


Average for 6 experiments, - - 


Rest and Work Experiments. 


Average for 17 experiments, - - 
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The figures for income and 





outgo of energy require a word 


of explanation. A distinction is here made between the total* 


income, which is represented 


by the potential energy of the 


food, and the net* income, which is the energy of the material 


actually oxidized in the body. 


This energy of net inéome is 


represented by the potential energy of the available nutrients 





* The terms ‘‘total”’ and ‘net’? here applied to income and outgo of material and 
energy are used for present convenience and may in future reports be replaced by 


more appropriate expressions. 
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of the food (i. e., energy of total food less that of the urine 
and feces) minus the potential energy of the material gained, 
or plus that of material lost by the body when the latter is 
not in nitrogen and carbon equilibrium. ‘The total energy of 
outgo would be the kinetic energy given off from the body in 
heat and external muscular work, plus the potential energy of 
the unoxidized materials in the urine and the feces. The net 
energy of outgo consists of the heat given off and the external 
muscular work done. The balance of income and outgo is best 
shown by the net rather than the total quantities. These may 
be seen in Table 31. The averages for the groups of experi- 
ments are for the number of days covered by the whole group, 
1. e., they are not averages for individual experiments. 


It is to be remembered that the figures for net income of 
energy represent the heats of combustion of the material 
actually oxidized. This material consists mainly of the avail- 
able portions of the food of which the amounts and heats of 
combustion are found by direct determination. ‘To the heat of 
combustion is added that of material lost, or from it is sub- 
tracted that of the material gained by the body. The amounts 
of material gained or lost are determined from the gain or loss 
of nitrogen and carbon, and their heats of combustion are cal- 
culated by the use of factors based upon direct determinations 
of the heats of combustion of similar substances. The figures 
for net outgo are the results of direct experimental measure- 
ment. In other words, the net income of energy is mainly 
and the net outgo entirely the result of direct determinations. 


A common usage is followed in applying the term potential 
energy to the energy latent in the food and body material oxi- 
dized. Whether chemical energy would or would not be a 
more correct expression no attempt is here made to decide. 
Ordinary usage is also followed in expressing potential energy 
in terms of heat, i. e., as calories, thus employing a unit of 
kinetic energy for the measure. ‘This discrepancy is unavoid- 
able, since there is a lack both of means for measuring po- 
tential energy as such and of a unit for expressing such 
measurements. ‘The use of heat of oxidation for the measure 
is especially appropriate here, since the energy is liberated 
mainly by oxidation and appears chiefly or entirely as heat. 
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The conservation of energy in the body.—If the law of the 
conservation of energy obtains in the living organism, the net 
income and the net outgo of energy should be the same. In 
such physiological experimenting, however, it would be hardly 
fair to expect the figures for the two to agree for each day of 
a given experiment, or for each experiment as a whole, even 
if the measurements with the respiration and bomb calorime- 
ters are exact. ‘There may be errors in the estimates of the 
amounts and heats of combustion of the materials actually oxi- 
dized. Variations due to irregularities of the physiological pro- 
cesses of the body are unavoidable and may materially affect the 
results. For instance, the calculations assume that the quanti- 
ties of material in the alimentary canal and of carbohydrates in 
the body as a whole are the same at the end as at the beginning 
of each day or experiment; whereas they may differ considera- 
bly, and the differences would materially affect the results. But 
it might be hoped that if the methods are correct, these errors 
would tend to counterbalance one another in a series of experi- 
ments, and that, in the average of a sufficiently large number, 
the errors would thus be eliminated so that the income and 
outgo would be very nearly the same. 

Exactly this is the case in the data here feported The va- 
riations for individual days, and even those for the individual 
experiments, as shown in the detailed tables of the publications 
mentioned elsewhere* are not inconsiderable; but in the aver- 
age of all the experiments the agreement is very close. Thus 
in twenty-five days of the seven rest experiments with E. O., 
according to the figures for the individual days the net outgo 
varies from 165 calories below to 194 calories above the net 
income. Expressed in percentages of net income, the range 
here is from —6.5 to +9.1 per cent. Both these extremes 
occurred on the first days of the respective experiments. In 
general the results for the first day of an experiment are found 
to be less satisfactory than those for the succeeding days. Con- 
sidering the experiments each as a whole and comparing the 
averages of the several experiments one with another, the 
range of variation is less. Here. the net outgo varies from 103 
calories below to 62 calories above the net outgo per day. Ex- 
pressed in percentages of net income, the range is from —4.1 


* See page 96. 
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to +2.9 per cent. But in the average for the seven experi- 
ments the figures for the net income and outgo are practically 
the same, being 2,268 and 2,259 calories, respectively. In the 
average of the three days of the rest experiment with A. W. S. 
there is a disparity of 1.1 per cent., and in the average of the 
nine days of the three rest experiments with J. F. S. the dif- 
ference is 0.9 percent. ‘Taking the thirty-seven days of the 
eleven rest experiments together, the average income is 2,234 
and the average outgo 2,230 calories; the difference is 0.2 per 
cent. In the average of the eight days of the two work ex- 
periments with EH. O. the net income and outgo are 3,865 and 
3,829 calories, respectively, the difference being 0.9 per cent., 
and in the average of the twelve days of the four work experi- 
ments with J. F. S. the net income and outgo are 3,547 and 
540) calories, Or a ditterence of o:2 per cent. “Taking into 
account the six work experiments with FE. O. and J. F. S. the 
net income is 0.5 per cent. larger than the net outgo. The av- 
erages for the fifty-seven days of the seventeen experiments 
are: Income, 2,740; outgo, 2,731 calories. ‘The difference, 0.3 
per cent., is far within the limits of experimental error and 
physiological uncertainties. 

In experiments of this sort, which represent only the work 
of a period during which experience with new apparatus and 
methods is being accumulated, individual discrepancies, such 
as those above recorded, seem no larger than might naturally 
be expected. The agreement of the average results is much 
closer than we hoped for; indeed, it can hardly be otherwise 
than accidental, and we regard it as by no means certain that 
future averages will show so exact a balance. 

The metabolism of energy in the living organism can be more 
' profitably discussed when data not yet published are available. 
Taking into consideration all the experiments thus far made 
with the respiration calorimeter in which the balance of energy 
has been determined, it may be said that the general result 
scarcely falls short of definite and final demonstration that the 
law of the conservation of energy applies in the living organism. 
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A STUDY OF RATIONS FED TO MILCH COM saa 
CONINE Gil l@ igi 


BY. CC, S.eP Hees: 


In the winter of 1892-3 the Station began a study of rations 
fed to milch cows on dairy farms in this state, which has been 
continued up to the present time. During the first year the 
tests were in the nature of preliminary studies for the purpose 
of ascertaining the ordinary methods of feeding in practice 
among our dairymen, and a comparatively large number of 
tests were made. Beginning with the winter of 1893-4 and 
continuing up to 1897 series of tests were made for the purpose 
of studying the relative economy of such rations as farmers 
were feeding their herds in their own practice, as compared 
with other rations, generally richer in protein, which were 
proposed by the Station. Each herd studied was selected 
after a personal inspection in order to ascertain its fitness 
for the proposed tests. A representative of the Station was 
present during the whole period of the tests and personally 
attended to the details of the experiments, such as the weigh- 
ings of the feeds, taking samples for analysis, weighing and 
sampling of milk and determining the butter fat in the milk 
by the Babcock method. The chief points observed in the 
experiments were: 


Number of animals in the herd.—Only such cows as were giv- 
ing a fair quantity of milk at the time of the test were included 
in the study. Cows which were nearly dry, or were “‘ off feed,”’ 
or for any reason did not seem representative of the herd were 
excluded entirely from the group under observation. 


Breed, age and approximate weight of each cow.—The breed 
and age were obtained as accurately as possible from the owner. 
Since it was not practicable to carry to the farm scales large 
enough to weigh the cows, the weights were estimated by either 
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the Station representative or the owner, and it is believed that 
the errors of judgment were not large. The weight was esti- 
mated to the nearest twenty-five pounds. 


Number of months since the last calf.—In most cases the time 
since the cow dropped her last calf was known and was recorded. 


Number of months till due to calf.—There was more or less 
uncertainty in regard to this point but in most cases it could be 
approximately ascertained. 


Daily milk yield during the tests.—The milk of each cow 
at each milking was weighed to the nearest tenth of a pound 
by the Station representative. 


Percentages and amounts of butter fat in the milk.—A sample 
of the milk of each cow, night and morning, was taken and 
from the combined sample a determination of the percentage of 
butter fat was made by the Babcock method. From the per- 
centages of butter fat and the weight of milk the daily yields of 
butter fat were computed. 


Kinds and weights of foods used.—During all the tests of the 
first year and the first tests on each herd of later years, the 
dairyman or farmer was requested to use as nearly as possible 
the same ration as he had been feeding immediately before the 
test began. ‘The quantity of food for each animal was weighed 
by the Station representative just before feeding. If any consid- 
erable portion of the food was left uneaten by the cows it was 
weighed and due allowance was made in estimating the amounts 
~ eaten daily. ; 

During the early part of the test samples of each feeding 
stuff used were taken and sent to the laboratory for analysis, in © 
order to determine the actual amounts of the different nutrients 
in the daily ration. Estimates were made of the amounts of 
digestible nutrients in the ration fed each herd, and a new 
ration was suggested which should furnish a considerably larger 
proportion of digestible protein, and have a correspondingly 
narrower nutritive ratio. In some cases the analyses of the 
feeds used in the first tests could not be made in season to be of 
use as a basis for calculating the new ration, and in other cases 
only the nitrogen (and protein) was determined at the time. 
Under such circumstances average figures for composition were 
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taken from a compilation of analyses and were used in comput- 
ing the nutrients in the ration fed, and the new ration was 
based upon these computations. In all cases, however, anal- 
yses were finally made of all feeding stuffs used, so that the 
calculations of the nutrients in the rations as published are 
based upon the results of the actual analyses of the feeds used 
and weights fed in the different tests. The chief uncertainty 
as to the actual amount of digestible nutrients per cow per day 
lies in the factors used for computing digestibility of the nutri- 
ents in the different materials. So far as possible, these 
were taken from results of actual digestion experiments with 
materials similar to those that were fed in the tests, but in 
case no experiments had been made with such material, the 
factors used were those for other material of a like character. 


SUMMARY OF TESTS FROM 1892 TO 1897 INCLUSIVE. 


The results of the tests made during five winters from 
November, 1892, to March, 1897, were discussed in some detail 
in the report of this Station for 1897 (pp. 17-66). ‘The results 
may be briefly summarized in this connection on account of 
their bearing upon the studies here reported. 

The studies included tests with thirty-two different herds. 
In each case a study was made in which the ration was that 
regularly fed by the farmer; and in thirteen cases a second 
_ study of the herd was made shortly after the first, in which a 
different ration, proposed by the Station, was used. ‘Thus the 
total number of tests made up to 1897 was forty-five. 

For convenience, the thirty-two tests in which the ration 
was that ordinarily fed have been divided into two groups ac- 
cording to the proportion of digestible protein in the ration. 
The first group is comprised of those herds receiving ordinarily 
less than two pounds of digestible protein per cow per day, and 
the second group those receiving more than two pounds. In 
the first group there are included sixteen herds, with a total of 
226 cows. ‘The average amount of digestible protein per cow 
per day was 1.62 pounds, and the nutritive ratio was 1 to 8.1. 
The average daily milk and butter production were 16.3 and .87 
pounds respectively. The second group also includes sixteen 
herds, with 227 cows. ‘The average amount of digestible 
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protein per cow per day was 2.32 pounds and the nutritive 
ratio 1 to 5.9. The average daily milk and butter production 
were 18.7 and 1.05 pounds, respectively. 

With thirteen herds including 156 cows a second test was 
made in which a ration was proposed by the Station, and was 
intended to be richer in protein. In one of these tests the 
ration was not acceptable to the cows, and in another it was so 
nearly like the first ration as to be practically the same. 
Omitting the data for these two herds and comparing the 
results of the first and second tests with the eleven other herds 
it was found that the average amount of protein per cow per 
day was 1.78 pounds in the first test and 2.40 pounds in the 
second test. The nutritive ratio was 1 to 7.7 in the former 
and 1 to 5.1 in the latter. As regards the milk flow and yield 
of butter, there was a slight increase during the second test in 
spite of the fact that the cows were from one to four weeks fur- 
ther advanced in the period of lactation.. The average cost of 
the ration was also reduced about 6 per cent. in the second 
test, in spite of the increased amount of protein fed. If the 
manurial value of the rations is taken into account the ration 
richer in protein was still more economical as compared with 
the lower ration found in actual use. While it would not 
be fair to claim that these differences in the results with: 
the smaller and larger amounts of protein are due wholly to 
the character of the ration, there seems to be evidence that the 
ration had considerable to do with the final results. 


FEEDING ACCORDING TO MILK PRODUCTION. 


In earlier experiments the ration fed during the second test 
was based upon the weight of the cow, the general aim being 
to feed two and one-half pounds digestible protein to 1,000 
pounds live weight where the cow gave an average milk flow. | 
The studies made by this Station, however, as well as those of 
other experiment stations in this country and Europe, indi- 
cated that the quantity of protein in the ration should be based 
rather upon the milk production than upon the weight of the 
cow; so that a small cow giving a large amount of milk should 
perhaps receive more digestible protein than a larger cow with 
a smaller milk flow. With a uniform milk production varia- 
tions of from one to two hundred pounds live weight do not 
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seem to call for differences in the amounts of food, but an 
increased milk flow calls for a larger ration, more especially 
a larger amount of digestible protein, in order to meet the 
increased demands on the system of the animal. 

This subject was discussed in the Report of this Station for 
1897 (pp. 119-129) and rations were proposed for feeding cows 
according to the milk yield. It was suggested tentatively that 
for a milk yield under twenty pounds per day there should be 
given a basal ration furnishing about two pounds of digestible 
protein, while for every five pounds increase in the daily milk 
yield there should be added one pound of protein mixture fur- 
nishing approximately a third of a pound of digestible protein. 


EXPERIMENTS DURING THE WINTERS OF 1897-8 AND 1898-9. 


In order to study the value of rations for milch cows based 
upon milk yields, preliminary experiments were put in opera- 
tion during the seasons 1897-1899. These experiments were 
made with three different herds, but various unavoidable cir- 
cumstances rendered the results unsatisfactory, so that they 
have not been published. So far as they show anything, 
however, they point to a fact that had already been recognized, 
namely, that ordinarily the rations should be increased rather 
in proportion to the increase of total solids in the milk than to 
total milk yield. It would be somewhat difficult, of course, 
for the dairyman or farmer to determine readily the amount of 
solids in milk; but an approximate measure of the variations 
in the total solids may be found in the variations in the amount 
of butter fat in the milk, since the quantity of the other solid 
ingredients (casein, sugar and ash) remains fairly constant in 
ordinary milk; that is to say, a variation in total solids of milk 
is ordinarily due to a variation in butter fat rather than in 
the other ingredients. | 


PLAN OF EXPERIMENTS DURING THE WINTER OF 1899-1900. 


In the winter of 1899-1900 tests were made with four herds to 
study the effect of feeding according to the yield of total solids 
in the milk as measured by the amount of butter fat. These 
experiments are reported in detail in the following pages. 
Each experiment consisted of two tests. In the first test the 
herd was fed according to the usual practice of the dairyman, 
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and the amounts and composition of the feeds used and of the 
milk produced were determined. It was found that generally 
a uniform grain ration was fed to all the cows in a herd, 
although in some cases it was varied in amount somewhat 
according to the yields of milk. 


In the second test the ration was proposed by the Station, 
and was determined for each herd by the production of butter 
fat by the cows in the herd. The cows were arranged in 
groups according. to the average daily amount of butter fat 
produced by each cow during the first test, and all the cows in 
a group were fed uniformly. The ration consisted of two parts: 
a basal ration and an additional grain ration. The basal ration 
was made up of coarse fodders and grain feeds in various pro- 
portions, the whole intended to furnish 2.0 pounds of digestible 
protein. ‘The additional grain feed was made up of different 
concentrated feeding stuffs mixed together in various propor- 
tions depending on composition. ‘This for convenience is called 
a ‘‘ protein mixture,’’ and was planned to furnish .3 pound of 
digestible protein for every pound of mixture. All the cows 
in the test were given the same basal ration, but the amount of 
protein mixture added to it depended upon the amount of but- 
ter fat the cows had produced. 


The arrangement of the cows in groups, and the ration for 
each group, during the second test were as follows: 


Group A. Cows producing .50 to .65 pound of butter fat 
(.58 to.76 lb. butter) per day were given the basal ration alone, 
intended to furnish 2.00 pounds of digestible protein. 


Group B. Cows producing .66 to .80 pound of butter fat 
(.77 to .93 lb. butter) per day were given the basal ration and 
1 pound of protein mixture, the whole intended to furnish 2.30 
pounds of digestible protein. 


Group C. Cows producing .81 to .g5 pound of butter fat 
(.94 to 1.11 lbs. butter) per day were given the basal ration 
and 2 pounds of protein mixture, the whole intended to furnish 
2.60 pounds of digestible protein. 


Group D. Cows producing .96 to 1.10 pounds of butter fat 
per day (1.12: to 1.28 Ibs. butter) were given the basal ration 
and 3 pounds of protein mixture, the whole intended to furnish 
2.90 pounds of digestible protein. 
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The basal ration was made up largely of such coarse fodders ~ 


as were grown on the farm, to which were added grain feeds 
composed largely of materials that did not contain a very large 
proportion of protein. The plan was to feed this ration to all 
the cows in the test, irrespective of the yields of milk or of 
butter fat. ‘The ration used was one which might be called 
medium-wide, having a nutritive ratio of about 1:6. It was 
intended to furnish a nearly constant amount of digestible pro- 
tein per day for each cow, and this was to be used as a basis 
upon which to increase the protein for the more productive 
cows. ‘The basal ration varied somewhat in the different 
experiments as regards the actual amount of digestible protein, 
but was generally uniform for all cows in any particular test. 
The protein mixture which was added to the basal ration for 
part of the cows was composed mainly of feeding stuffs rela- 
tively high in protein. 

_ The herds studied and the tests made during the winter of 
1899-1900 were lettered and numbered consecutively with those 
of preceding years. They are designated as Herd P, tests 51 
and 53; Herd Q, tests 52 and 54; Herd R, tests 55 and 57, and 
Herd S, tests 56 and 58. ‘The data obtained in these tests are 
given in the tables below. The more important details, with 
summaries of the results, are given in the discussion of the 
individual tests on pages 148-155. _ 


DETAILED DATA OF DAIRY HERD TESTS OF 1899-1900. 


The analyses of all the different material used in the rations 
in these tests are given in the article on Analyses of Fodders 
and Feeding Stuffs on a preceding page. Krom these analyses 
and the amounts of the materials used the amounts of digestible 
nutrients in the rations were calculated by use of certain 
factors, called coefficients of digestibility, which represent the 
proportions of the total nutrients that are digestible. The co- 
efficients of the digestibility of the separate feeding stuffs as 
given in Table 32 below are based upon the results of actual 
experiments with animals, mainly those of American experi- 
ments but in some cases European. The coefficients for the 
grain mixtures are calculated from the factors for the different 
ingredients and the proportions in which they are used in the 
mixtures. 
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‘TABLE 32. 
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Coefficients of digestibility employed in calculating the digestible 


nutrients tn the different feeding stuffs used in these rations, 








KIND OF FEEDING STUFEFS. 








*Cornisilage, - : Z - - 
* Hungarian hay, - x 2 
* Hay, mixed grasses, - - - 
* Rowen hay, - - = : 2 
* Oat and pea hay, - : . : 
* Corn stover, - - : 2 2 
*Qatsstraw,\- 2 s 5 
* Cream gluten meal, 2 : 2 
+ Atlantic gluten meal, - - - 
* Chicago gluten meal, - = 3 
* Wheat middlings, - - - 
+ Provender, - Bien te 3 : 
+ Acme wheat feed, - 3 : - 
* Buffalo gluten feed, = - : 2 
* Cotton seed meal, - - - 
* Wheat bran, - : J - 5 


+H. O. 


dairy feed, - - - : 


* Ground oats, : : < 
* Corn and cob meal, e : 2 


+ Grain 
+ Grain 
¢ Grain 
{ Grain 
+ Grain 
{ Grain 
+ Grain 
+ Grain 
t Grain 
t+ Grain 
+ Grain 


mixture used in test No. 52, 


mixture No. I used in test No. 
mixture No. 2 used in test No. 
mixture No. -I used in test No. 
mixture No. 2 used in test No. 


mixture used in test No. 55, 


mixture No. I used in test No. 
mixture No. 2 used in test No. 





mixture used in test No. 56, 
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mixture No. 2 used in test No. 
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The fuel values of the rations were computed by multiplying 
the number of pounds of digestible protein and carbohydrates by 
1,860 and the number of pounds of digestible fat by 4,220 and 
taking the sum of the products as representing the number of 
calories of available energy in the ration. 





+ Assumed. 
t Computed from the assumed digestibility of the ingredients used in the grain 
mixture. 


* See Report Storrs Experiment Station for 1897, A Study of Rations fed to Milch 
Cows, p. 22; and Nitrogenous Feeding Stuffs, p. 83. 
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The prices of the food materials used in calculating the cost 
of the ration were those current during the winter of 1899— 
1900. ‘Those of the feeding stuffs were averages of prices for 
ton lots quoted to the Station by dealers in several different 
cities in the state. Those for coarse fodders were based upon 
the market value of the various materials as estimated by the 
farmers themselves. 

In estimating the values of the manure obtainable from the 
different rations it was assumed that 75 per cent. of the nitro- 
gen, phosphoric acid and potash of the fodders and feeding stuffs 
may be saved in the manure.* The valuations per pound as- 
sumed for these ingredients were those estimated by the New 
England Experiment Stations for 1899-1900. T 

The following table shows the average market price of a ton 
of any of the different feeding stuffs used, and the estimated 
value of the manure obtainable from it. 


TABLE 33. 


Valuation of feeding stuffs as used in rations fed mulch cows in 
winter 1899-1900. 
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Cream gluten meal, - - “ - - : $24.00 $12.50 
Atlantic gluten meal, “ = = “ : 22500 13.00 
Chicago gluten meal, - - - - - 24.00 13.00 
Wheat middlings, = - - - - - - 19.00 7.00 
Provender, - - - > - - - 1g.00 5.00 
Acme wheat feed, - - - - - - 19.00 8.00 
Buffalo gluten feed, - - - - - - 19.00 8.00 
Cotton seed meal, - - - - - - "= 20200 19.00 
Wheat bran, : = : 2 : 18.00 8.00 
H. O. dairy feed, - - - - - : 23.00 8.00 
Ground oats, - - - - - - - 22.00 7.00 
Corn and cob meal, - 3 : é - - 14.00 4.00 
Hungarian hay, - - - - - - 14.00 4.00 
Hay, mixed grasses, - - - - - - 18.00 4.00 
Rowen hay, - - : = - - - 15.00 5.00 
Oat and pea hay, - - - 27% - 12,00 5.00 
Corn stover,’ © - - : - - 2 S 6.00 3.00 
Corn silage, - - - - - - - 3.00 1,00 
Oat straw, - - - - - - - 6.00 2.00 














* See Rept. Storrs Sta. 1897, pp. 92-93. +See page 38 of the present Report. 
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The data obtained in the dairy herd tests during the winter 
of 1899-1900 are given in detail in Tables 34-41 below. For 
each herd there are two tables. The first table gives the fol- 
lowing statistics for each cow in the herd: The breed, age and 
estimated weight; the number of months since last calf and, 
where known, the time when due; the minimum, maximum 
and average daily yield of milk, percentage of fat in each day’s 
milk, and daily yield of butter fat, for both the first and second 
tests. The names of the different breeds as given in the second 
column are abbreviated as follows: A=Ayrshire; D=Dur- 
ham; Gy=Guernsey; H=Holstein; J=Jersey. ‘The letter G 
before the initial of a breed signifies that the cow was a grade. 


The data in the second table give the average daily ration 
per cow, as calculated for the whole herd in the first test, and 
for the number of cows in each group in the second test. 
They show the weights of coarse and concentrated feeds in the 
ration, the amounts of digestible nutrients they were estimated 
to furnish, their fuel value, nutritive ratio, total cost, and net 
cost as corrected for the value of the manure. 
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A STUDY OF RATIONS FED TO MILCH COWS. rey a 


AVERAGE“ DATL YeRATLONY HE RD: P 


Test No. 51. Hay of mixed grasses 7.7 lbs., corn silage 29.9 Ibs., wheat 
bran 3.0 lbs., wheat middlings 5.7 lbs., and Chicago gluten meal 3.0 lbs. 

Test No. 53. Basal: Oat and pea hay 8.3 lbs., corn silage 31.3 Ibs; and 
8.7 lbs. of grain feeds mixed as follows; wheat bran 1,000 lbs., wheat middlings 
400 lbs., cotton seed meal 200 lbs., Chicago gluten meal 100 lbs. Additional 
grain feed: Group B, 1.2 lbs., Group C, 2.1 lbs., and Group D, 2.8 Ibs. of the 
following mixture; cotton seed meal 200 lbs., Chicago gluten meal 125 lbs., 
wheat middlings 100 lbs. ° 


EAB Beas: 


Average weight of food and digestible nutrients fed per cow per 
day, with fuel value and cost, in dairy herd tests Nos. 51 and 53. 


[Average weight of herd 800 lbs. ] 



















































































: DIGESTIBLE NUTRIENTS AND | 
s FUEL VALUE. | he 
3 Vatheere 
o eos k ates | ® 7 ao a 
KIND OF FOop. 0 ral | + 5 | 2 2 Og g 
Pe ha wees re gy Ey awe Gopad me 
Fagor as ae bois So eel een, deen oe cae ban oy 
SSM pooh ate (ees ah Ve eel e 
First Test No. 51.| tbs. Lbs. Lbs. 1,6..4-1,bs: Lbs. Cal; | i: 1 Cts#) Cts Cts 
Whole Herd. | | 
Concentrated food, |II.7/2.13).41| 4.93] .27) 5.20)15360) 2.9/11.7) 5.2) 6.5 
Coarse food, - - 137.6] .58).25| 5.19|2.60 7-79 16630 14.4 LOU Tete sy eA 
Total food, - |49 32.71 66 10.12/2.87 12.99 31990 5.3122.4 8.513.9 
SEC’ND TEST No. 53. 
Group A. | 
Concentrated food, | 8.7 1.46).36 3.07] .20] 3.27)10320] 2.8} 8.5} 3.9] 4.6 
Coarse food, - - 139.6] .87|.28] 5.16/2.92| 8.08/17830/10.0) 9.7] 4.1| 5.6 
Total food, _- 48.32.83 .64 8.233.1211.36 28150 5.518.2) 8.0)10.2 
Group B. | 
Concentrated food, | 9.9|1.84/.44| 3.44) .22| 3.66,12090| 2.5] 9.9! 4.7] 5.2 
Coarse food, - - |39.6 .87).28, 5.16/2.92) 8.08 17830 10.0| 9.7) 4.1) 5.6 
Total food, - 49.5/2.71).72: 8.603.14/11.74 29920 4.9/19.6 8.810.8 
Group C. 
Concentrated food, |10.8]2.12|.52| 3.71} .23} 3.94'13460) 2.4 TE.Of 5.4 5.6 
Coarse food, - - 39.6) .87).28) 5.16/2.92) 8.08)17830|10.0] 9.7] 4.1] 5.6 
3 ee ee ea 
Total food, - 60.42.99 .80 8.87.3.15 12.02 31290, 4.6/20.7) 9.5 11.2 
Group D. | 
Concentrated food, |11.5/2.35|.56) 3.92) .24) 4.16)14470| 2.3/I1.9} 5.9| 6.0 
Coarse food, - - (39.6) .87).28' §. 16}2..92) 8. 08/1 7830/1O1 OF O17). 4.1). 5.0 
Total food, - (61.13.22 .84 9.083.1612.2432800| 4.4/21.6|10.0)11.6 
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A STUDY OF RATIONS FED TO MILCH Cows. red ee 


AVERAGE -DATLY ORATION, » HERD<O. 


Test No. 52. Hay of mixed grasses 6.2 lbs., rowen hay 7.2 Ibs., Hungarian 
hay 5.6 lbs., corn stover 4.5 lbs., and 3.8 lbs. of grain feeds mixed as follows: 
wheat bran g.5 lbs., provender 12.5 lbs., H. O. dairy feed 13.5 lbs., cotton 
seed meal 21.5 lbs., Buffalo gluten feed 19.5 lbs. 


Test No. 54. Basal: Hay of mixed grasses 7.0 lbs., rowen hay 7.4 lbs., 
corn stover 4.8 lbs., and 5 lbs. of grain feed mixed as follows: Provender 100 
Ibs., wheat bran 200 lbs., Chicago gluten meal 125 lbs. Additional grain feed: 
Group C, 2 lbs. of the following mixture: Cotton seed meal too lbs., Chicago 
gluten meal 125 lbs. and wheat middlings roo lbs. 


‘VABUHY3 7, 


Average weight of food and digestible nutrients fed per cow per 
day, with fuel value and cost, in dairy herd tests 
Nos. 52 and 54. 


[Average weight of herd 750 lbs. ] 



























































DIGESTIBLE NUTRIENTS AND v | 
a FUEL VALUE. a 
w i) 
eras mi O° | @ 
CARBO- o 5 
fee, i HY DRATES, / u 2 D 
| » ie} 
KIND OF Foon. © d 3 > 8 = = 
Be i|siag eo | 3 re 
e/)3le/gsl eit 6 | A 
6 | a ele | S| $ 1s rs 
= % U me je) jag F) 
| =o | H = 
A ns s 
| OH aa eo 
First Tesr No. 52. Lbs.| Lbs.|I,bs| Lbs.| Lbs.| Lbs. | Cal I: | Cts. |Cts.} Cts 
Whole Herd. 
Concentrated food, - | 3.8} .83}.19)/1.37| .11| 1.48] 5100/2.3) 4.0]2.6| 1.4 
Coarse food, - - |24.6|1.40/.37/6.10|4. 40/10. 50/23700/8.2/15.5/4.9/10.6 
Total food, - - (28.42.23 .56.7.474.51 11.98 288006.019.57.512.0 
SECOND TEsT No. 54. 
Group A. 
Concentrated food, - | 5.0) .85/.18|2.07| .08| 2.15] 6340)3.0) 5.0/2.8) 2.2 
Coarse food, = - |20.2/1.14/.30|5.03/3.42| 8.45/19100/8 .0/12.8/4.1| 8.7 
Total food, - - 25.21.99) .48)7.10/38.50)10.60/25440/5.9:17.816.9/10.9 
Group C. k 
Concentrated food, - | 7.0/1.46|.30/2.77| .10| 2.87} 9320/2.4| 7.4/4.6) 2.8 
Coarse food, - - |20.3/1.14].30|4.96/3.44| 8.40/19010/8.0/12.9/4.1/| 8.8 
Total food, - - (27.3'2.60, .60'7.73)3.54/11.27 28880 4.6 20.3'8.7/11.6 
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A STUDY OF RATIONS FED TO MILCH COWS. TAS 


AVERAGE DAILY RATION. HERD R. 


Test No. 55. Hay of mixed grasses 8.5 Ibs., corn silage 27.5 lbs., and 6.2 lbs. 
of grain feeds mixed as follows: ground wheat rgo lbs., Buffalo gluten feed 160 
Ibs., and provender 150 lbs. 

Test No. 57. Basal, (with slight variations in amounts of coarse fodder for 
the different groups): Hay of mixed grasses 29-31 lbs., corn silage 6.0-6.9 lbs., 
corn stover 2 lbs., and 7.4 lbs. of grain feeds mixed as follows: mixed wheat . 
feed 200 lbs., Buffalo gluten feed 200 lbs., provender 200 lbs., and cotton seed 
meal 150 lbs. Additional grain feeds: Group B, 1 lb., and Group C, 2 lbs. of a 
mixture of equal parts Buffalo gluten feed and cotton seed meal. 


TABLE 39. 


Average weight of food and digestible nutrients fed per cow per 
day, with fuel value and cost, in dairy herd | 
tests Nos. 55 and 57. 


[Average weight of herd 750 lbs. ] 
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First Test No. 55. | Lbs.) Lbs.|Lbs| Lbs.| Lbs. 


Whole Herd. | 
Concentrated food, --|..6,2) -:86!.2213.03).. 11) 3.14) 8970) "4.2) 5912.2 






































Bin 
Coarse food, - - |36.0} .63].32/6.00/2.81| 8.81|18900|15.1/10.9|3.4| 7.5 
Potal food; - .- - 49.9/1.49|.549.03.2.99.11.9527270 8.816.85.611.2 
SECOND TEsT No. 57. | | 
Group A. | 
Concentrated food, - | 7.4)1.60).32/2.78) .13) 2.91} 9740} 2.3) 7.4/3.8) 3.6 
Coarse food, - - |37.7| -49).29)4.80/2.88 7.68/16420|/17.0|10 013.4 6.6 
Total food, - - 45.1:2.09).61/7.58'3.01 10.59/26160, 5.7:17.4.7.210.2 
Group B. | 
Concentrated food, - | 8.4/1.95|.38/3.05| .16) 3.21|/11200| 2.1) 8.5/4.6) 3.9 
Coarse food, - - 137.0] .47|.29/4.68/2.80) 7.48/16010|17.3) 9.8/3.2] 6.6 
Total food, - - 45.42.42 677.73 2.96 10.69/27210 5.0)18.3/7.8/10.5 
Group C. | | foe 
Concentrated food, - | 9.4/2.30).45|3.32| .18| 3.50/12690) 2.0) 9.6/5.3] 4.3 
Coarse food, - - |40.0| .52/.32/5.10/3.06| 8.16)17500|17.1/10,8/3.6| 7.2 
Total food,  - - 49.42.82 .77 8.42.3.2411.6630190) 4.7/20.4'8.911.5 











































































































88° | — | — 8s} —|—|2-9t| — | — jag’ | — | — [t-e]—| —|a‘er] — | — — | =| 9 | — | e8e:ay pro 

O1 I gz*rjrr1jz"S/b Slo Sl6*zzlg° zp: 1z\\€6° go'rj6Z" jo'Sih'Sig'big* grio‘ozjh'g1|| - = OIONG TSE 00g | v te a OI 
7 y . iy 
é | 2 ~nosy 
 €8 |. | — \'9)—|—|4"2t] — | — |leo: | — | — lo-s|—|—/e$1] — | — i ORL Pea los eserany 
a 06° |£6° |1g° ig*Po'Slg*t/Z*grig°61'z°Z1)/|99° lol: €g° IP vig blz-v1°Stjo‘g1\£°€1)| - SiON OL, 00g | 9 Erie 6 
M O° joo'1|Lg° 6b 1°Slg*tl6°g1lt‘oz Q°LIIEL* |LL° |69° [€°v/S-blo-blz-L1\h'g1/€"og1]| - i hORE hE OSG2} “21 Lfeee) B 
Hi 06° 196° |Zg° jo*Siz*S\Zblz-9t g 61/€°Lt/\g9° jad" |Eg° [6° H/E'S|g°F/6"E1lo°S1lZL°z11| ‘o06r SATO iF # pesos 27 of fee a € 
e 86° |90°1\6g° |g*g 6'glz*glo°S1/E*g1/g*E1\ 02° IPL: fQ° |Z gQ*g/SSiS*11/h*z1/19°6 || ‘oob1 ‘aon | S OOL A PAL faa I 
s ‘J Gnosy 
p4 
<a gL | — | — (8'9 —| — 2 FT] — | — |les' | — | — esi —|— ett] — | — ae Stn P| ee ee ‘aSIDAY 
ih 618” 19g” |ZL° jo'SjzSig PIE orl|g-grig*bri\€g° |SL° |6r- Ig'HE-Sib bir: Elo SriZ‘or!|-‘o061 ‘3daa4- 6 oSg |v ao aa 8 
RL" job" jzg" [ESP g/6 HS E1lg*br/€-z1//09° |bg* |gS- lo°SIE°S/S*b1°z16°zs1l9°11\| ‘oobr AON OL oh OGL" 4 a9 airs) 9 
ie 8 3 1VO> LL > 1a Sig*Sla- Fiz 91 89g 7I/\gS° [Sg |zS° jg°Sig*Sjo’S|t-orlg*11/9°6 || - - “JON |ysesy] 008 | g Ps fai S 
Ps V9° [69° 19° jO°S.z-g/Z°Sig-o1|€*11\b or||PS* |€g° 6° 8° 5|V"9\9°S\b°6 jr-orj%"g || ‘oo61 ‘AInf | g oS£ | g ee) z 
2 *sq’T ‘sq’ "sq’I % % % ‘sq’T ‘sq’t "sq’T ‘sq’ sq’ "sq’T 9, % Wf, “sq’T 'sq’l "sq’I ‘SOI ‘sq’/T "SIA y Gnos+ 
es pee ee eae eae eee wae 
See Se te PP ee ee et ele oe | ee ele ee = 
Pee PIE RR Pla Re ee PB le Pele ae Te ; 
a ‘LV AO ‘LV ‘OLog | ‘MOTTA WII "LV ao ‘LV ‘19d “MOT MTIW 5 o dQ 3 Buenos) y 
is AISI ATIVG ATIVG ATIVG a1aIxA ATIVE ATIVG | ATIVG » Ss “"SMOD 3 

ie) 

3 ‘0061 ‘¥z-zI HOUVIN ‘8S ‘ON LISaL ‘oo6t ‘vz-c1 ‘aay ‘9S ‘ON ISaL = 
H BS) Ede eS hme Hf 
WM Ss eS a = = = S52 Sas = == = ge = =e ae = = ie 





"SS pun OS ‘sony sjsay Gulanp S pray fo s9ysyos 
‘OV HIAVE 


146 





A STUDY OF RATIONS FED TO MILCH COWS. 147 


AVERAGE DAILY RATION. HERD S. 


Test No. 56. Hay of mixed grasses 15.2 lbs., corn stover 7.4 lbs. and 4.8 lbs. 
of grain feeds mixed as follows: wheat bran 200 lbs., Buffalo gluten feed 180 
lbs., and corn and cob meal 85 lbs. 


Test No. 58. Basal: Hay of mixed grasses 10.2 lbs., corn stover 6.5 lbs., and 
7.0 lbs, of a mixture of equal parts of wheat bran, corn and cob meal and cream 
gluten meal. Additional grain feeds: Group B, 1 Ib., and Group C, 2 lbs. of a 
mixture of cream gluten meal 200 lbs. and Buffalo gluten feed 100 lbs. 


TABLE 41. 


Average weight of food and digestible nutrients fed per cow per 
day, with fuel value and cost, in dairy herd 
tests Nos. 56 and 58. 


[Average weight of herd 725 lbs.] 
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First ‘Test No. 56. Lbs. Lbs.|Ibs Lbs. | PpSa bs. soCal. TGs Ctsacete: 
Whole Herd, 
Concentrated food, - | 4.8 .71|.16/2. ETA MS SOOO! 3. Siang 2b 7 he aoe 
Coarse food, - ~ /22.6)° 74 .30/6.13)3.90}10.03/21300)14.5/14.4/4.1|10.3 
Total food, - - (27.41.45) .46/8.14'4.04 12.18 27290 9.1/18.6/5.8/12.8 
SECOND TEsT No. 58. | | 
Group A. 
Concentrated food, - | 7.01.11|.19/3.24| .06| 3.30] gooo| 3.4| 6.3/2.8] 3.5 
Coarse food, - - |16.7) .70).2814.76;2..77) 7.53)16490|11 .7|10.2|2.9] 7.3 
Total food, - - 28.71.81) .47/8.00 2.83/10.83 25490) 6.6)16.5/5.7/10.8 
Group B. | . 
Concentrated food, - | 8.01.36).21|3.70) .08] 3.78)10450| 3.1} 7.4/3.3] 4.1 
Coarse food, - WEG. 7OL 28145 JOTI 7 053 LO4QO|I 1,7) 10.2120) 7) 3 
Total food, - - |24.72.06 498.46. 2.85 11.31.26040 6.017.66.211.4 
Group C. | 
Concentrated food, - | 9.0/1.61|.24/4.16| .10| 4,26)/11930|) 3.0) 8.5/3.8) 4.7 
Coarse food, - - |16.7| .70|.28|4.76|2.77| 7.53/16490\/11.7|10.2|2.9] 7.3 
Total food, - . 25.72.31) .52/8.92 2.8711.79/28420 5.618.7\6.712.0 
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DISCUSSION OF THE TESTS. 


flerd P. Tests Nos. 51 and 53.—Thirteen cows in this herd 
were included in this experiment, the same ones in both tests. 
Ten of the cows were Jerseys or grade Jerseys, and one was a 
grade Guernsey; these were estimated to weigh between 650 
and goo pounds each. ‘The two other cows were grade Dur- 
hams, weighing not far from 1100 pounds each. Most of the 
cows were giving a good flow of milk, none being due to calve 
in less than three months after the close of the second test. 
The herd was well stabled, and watered from a trough in a 
protected yard with a southerly exposure, in which the cows 
were allowed to exercise a short time each day during pleasant 
weather. The coarse fodders used consisted: of hay and corn 
silage. The hay was first quality early cut hay of mixed 
grasses, and was eaten without waste; the corn silage was 
made of corn harvested when the ears were beginning to glaze. 
The grain feeds used were wheat bran, wheat middlings and 
Chicago gluten meal. 

The first test with this herd began December 4, 1899, and 
continued twelve days. In this test the average daily ration 
for eacl cow consisted of between seven and eight pounds 
of hay, about thirty pounds of corn silage, and between eleven 
and twelve pounds of mixed grain feeds. The average amount 
of digestible protein in the ration was 2.7 pounds daily. The 
ration was a narrow one, having a nutritive ratio of 1:5.3. 

There was an interval of seventeen days between the two 
tests. The second test began January 2, 1900, and continued 
eleven days. In the ration proposed for this test, oat and pea 
hay was substituted for the hay of mixed grasses used in the 
first test, the proportion of wheat bran used was considerably 
increased, and cotton seed meal was added to the ration. ‘The 
average basal ration for each cow in the herd consisted of 
about eight pounds of oat and pea hay, thirty pounds of corn 
silage and between eight and nine pounds of mixed grain feeds. 
This ration was planned to furnish two pounds of digestible 
protein per day, but according to the analyses there was really 
2.3 pounds. 

There were three groups of cows that received the mixed 
grain feeds called protein mixture in addition to the basal 


ration. In the first group there was one cow, which had one. 
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pound; in the second group seven cows had two pounds each; 
in the third group three cows had three pounds each. There 
was .3 pround of digestible protein in each pound of the mix- 
ture. In this way the quantity of protein fed was regulated by 
the productiveness of the cow. 


TABLE 42. 
Summarized results with Herd P, tests Nos. 51 and 53. 


[First test Dec. 4-16, 1899. Second test Jan. 2-13, 1900.] 
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Group A, 2 cows: Tbs.\Gbs| Lbs. |. Cal.) 1: |. Lbs.) Lbs.| Cts. | $.-) Cts. 
Ist test, - - - |2.71|.66/12.99/31990|5.3/10.3) .65/22.4/2.17/34.5 
2d test, - - - |2.33].64/11.35/28150/5.5]} 9.1} .62)/18.2/2.00/29.4 
Group B, I cow: 
Ist test, - - - |2.71|.66|12.99/31990|5.3/11.7| .Q0/22.4/1.91/24.9 
2d test, - - - |2.71|.72|I1.74|29920|4.9|11.9| .g9/19.6|1.65/19.8 
Group C, 7 cows: 
Ist test, - - - |2.71}.66)12.99/31990|5.3/15.5| .97/22.4/1.44/23.1 
2d test, - - - |2.99|.80|12.02/31290)4.6/15.0) .99|20.7/1.38/20.9 
Group D, 3 cows: 
Ist test, - - - |2.71|.66/12.99/31990/5 .3/25.2/1.37/22.4, .89/16.3 
2d test, - - - |3.22|.84/12.24/32300/4.4/25.0|1.39/21.6) .86/15.5 
Average of herd, 13 cows: 
Ist test, - - = |%.71).66)12.99)381990/5.3/16.6/1.01/22.4/1.35/22.2 
2d test, ay Nhat 3% 2.92). 79|11.95'30935/4.7/16.2/1.03/20.4)1.26/20.0 























Comparing the data obtained in the two tests, as summarized 
in Table 42, it will be observed that for the whole herd the 
average daily cost of the ration in the first test was 22.4 cents, 
and in the second test 20.4 cents, while the average daily milk 
flow was 16.6 pounds in the first test and 16.2 pounds in the 
second, and the average daily yield of butter was 1.01 pounds 
in the first test and 1.03 in the second. The cost of produc- 
ing 100 pounds of milk was 9 cents less, while the cost of 
producing one pound of butter was 2.2 cents less, in the second 
test than in the first. A comparison of the data for the dif- 
ferent groups of cows in the second test, which were given 
rations differing according to the yields of butter fat, with the 
data for the same group of cows as fed in the first test shows 
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the relative economy of feeding according to the yields of but- 
ter fat. In every case the cost of producing roo pounds of 
milk, or one pound of butter, was less with the groups in the 
second test than with the corresponding cows in the first test. 

Hlerd QO. Tests Nos. 52 and 54.—This was a small, well 
managed herd. Hight cows were used in the tests, the same 
cows in both tests. They were all grade Jerseys, estimated to 
range in weight from 625 to 850 pounds and to average about 
750 pounds. Most of the cows had calved within six months 
of the beginning of the first test, and none were due to calve 
until more than four months after the close of the second test. 
The cows were fed a large variety of feeds. "The coarse fod- 
ders used were home grown, of good quality, consisting of 
early cut hay, rowen hay, Hungarian hay, corn stover and oat 
straw, the latter being fed only in small quantities. The grain 
feeds included H. O. dairy feed, provender (ear-corn and oats 
ground together), spring wheat bran, cotton seed meal and 
Buffalo gluten feed. 

The first test began December 18, 1900, and continued twelve 
days. In this test all the cows in the herd were fed the same 
ration. Hach cow received a rather heavy feeding of coarse 
fodders, about twenty-five pounds per day, and a rather light 
feeding of grain feeds, about four pounds per day. ‘The differ- 
ent varieties of both coarse and concentrated fodders mentioned 
above were used in about the same proportions each day. With 
this ration each cow was receiving about 2.2 pounds of digesti- 
ble protein daily. 

After an interval of sixteen days the second test was begun 
on January 15, 1901, and continued twelve days. In the basal 
ration for this test the amount of coarse fodder was reduced to 
about 20 pounds per day for each cow, by omitting the Hunga- 
rian hay, the supply of which was exhausted, and feeding the 
other fodders in about the same quantities as in the first test. At 
the same time the amount of grain feed was increased to about 5 
pounds per day for each cow. With this basal ration each cow 
received about 2.0 pounds of digestible protein per day. 

There were two groups of cows in this test. The three cows 
in the first group received the basal ration alone, but the cows 
in the second group received in addition 2 pounds of the protein 
mixture, which increased the digestible protein in their ration 
to 2.6 pounds per day. 
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The table which follows gives a comparison between the re- 
sults obtained with corresponding groups of cows in the first 
and the second tests. In the first test both the groups were 
fed alike; in the second test the amount of protein in the ra- 
tion was regulated by the production of butter fat. On the 
average for the whole herd, however, the amount and propor- 
tion of the digestible nutrients did not vary widely in the two 
rations, although the second ration had a somewhat narrower 
nutritive ratio. The average daily yield of milk with the 
first ration was 13.9 pounds, and with the second ration 16.3 
pounds, while the daily yield of butter was .88 pounds with 
the first and .98 pounds with the second ration. The daily 
cost of the second ration was practically the same as that of 
the first, while the average cost of 100 pounds of milk was 21 
cents less, and the cost of a pound of butter was 2.4 cents less, 
with the second ration than with the first. 


TABLE 43. 


Summarized results with Herd O; tests Nos. 52 and 54. 
[First test Dec. 18-30, 1899. Second test Jan. 15-27, 1g00.] 
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| AND FUEL VALUE. YIELD. ae a 3s 
| fs eae te ee 
iglelails |Elajgl3l 2: 
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ie # 2 2 eee Saris 
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Group A, 3 cows: “Lbs. Lbs Lbs. | Cal. | 1: |; Lbs.| Lbs.| Cts.| § | Cts. 
Ist test, - - - |2.23}. 56 11.98/288006.1 10.5 .70 19.5 1.86 27.9 
2d test, - . - 1.99 ae 60/254405.9 11.6 .7417.81.53 24.0 
Group B, 5 cows: / 
Ist test, - - - (2.23 56 11.98 288006.1 16.0 .98 19.5 1.22 19.9 
2d test, - hey 4 60 -60 11. 27 7833014. 6 19.11.1220. 3ir- 06 18.1 
Average of herd, re cows: | 
Isttest, - - ~ (9.93 .06 11. 98 28800 6. 113.9 .8819. 51. 40 22.2 
adtest, - - ~- (2.87 .5611.02272505.216.3 .9819.41.1919.8 


The differences between the yields in the two tests were 
probably not due entirely to the differences in rations. During 
the first test most of the cows of the herd were attacked with 
diarrhoea for two or three days, and one for a longer period. 
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By this disturbance the yields of milk were considerably re- 
duced, although the percentages of fat in the milk were some- 
what higher, so that the yields of butter fat were not much 
affected. However, when the yields for the period preceding 
this disturbance in the first test are compared with those for a 
similar period in the second test there was still a slight increase 
in the latter. 


flerd R. Tests Nos. 55 and 57.—This herd was kept mainly 
for milk production, although it had produced cream for a 
local creamery and most of the cows were of the butter type. 
Highteen cows were used in these tests, the same cows in both 
tests. ‘Twelve of the cows were grade Jerseys, two were grade 
Ayrshires, two were grade Holsteins, one was a grade Guern- 
sey and onea grade Durham. The estimated average weight of 
the cows was 750 pounds. Most of the cows had calved between 
one and six months previous to the beginning of the first test, 
although two had been milking ten and eleven months at the 
time of the first test. None of them were due to calve until 
about four months after the close of the second test. The herd * 
was well stabled and each cow had a constant supply of water 
available in her stall. The cows were not allowed to run in 
the yard, being housed all of the winter. There were no irreg- 
ularities in the general health of the cows, and all the feeds 
were well eaten. 

The coarse fodder used consisted of hay, corn stover and 
corn silage; the hay was first quality meadow hay of mixed 
grasses; the stover was of good quality; the corn silage was. 
made from corn harvested when the ears were just past the 
milk stage. The grain feeds used were wheat feed, Buffalo 
gluten feed, provender (corn and oats ground) and cotton seed 
meal. | 

The first test began January 30, 1899, and continued twelve 
days. The average daily ration for each cow was about 8 
pounds of hay, 27 pounds of corn silage and 6 pounds of 
mixed grain feeds. This ration supplied only about r. 5 
pounds of digestible protein per day, and had a wide nutri- 
tive ratio, 1:8.8. 

The second test began February 28, 1900, and continued 
twelve days. In this ration the amount of hay fed was slightly 
reduced, and corn stover was added. Cotton seed meal was 
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also added to the grain feeds used, and the proportions of Buf- 
falo gluten feed and provender were slightly increased. The 
average basal ration for each cow in the herd consisted of 6 to 
7 pounds of hay, about 2 pounds of corn fodder, 29 to 31 pounds 
of corn silage, and about 7.5 pounds of mixed grain feeds. 
This ration supplied about 2.1 pounds of digestible protein per 
day, and had a nutritive ratio of 1:5.1. 

One group of eight cows were given only this basal ration. 
One group of six cows received the basal ration and in addition 
I pound of protein mixture for each cow, increasing the digest- 
ible protein to 2.4 pounds per day; and another group of four 
cows received 2 pounds of protein mixture in addition to the 
basal ration, making the total digestible protein for each cow 
in this group 2.8 pounds per day. 


TABLE 44. 
Summarized results with Herd R, tests Nos. 55 and 57. 


[First test Jan. 30-Feb. 10, 1900. Second test March I-12, I900.] 
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Group A, 8 cows: Lbs.|I,bs| Lbs. | Cal. | 1; | Lbs.| Lbs.) Cts.| $ | Cts. 
ist test, - - - {1.49|.54/11.95/27270/8.8/13.8] .68)16.8)1.22/24.7 
2d test, 3 - - |2.09].61/10.59/26160/5.7/13.8| .75|17.4)1.26/23.2 
Group B, 6 cows: | | 
Ist test, - - - |1.49).54|11.95|27270/8.8|14.2) .g1/16.8)1.18|18.5 
2d test, - - =9|2.42|.67/10.09/27210|5 .0/15.4\1 .03\18. 3/5 19/1738 
Group C, 4 cows: | | 
Ist test, - - - |1.49}.54/11.95/27270|8 .8|22.5|1.05|16.8| .75|16.0 
2d test, - - - |2,82).77|11.66/30190/4.7/24.9/1.26/20.4| .82|10.2 
Average of herd, 18 cows: | 
Ist test, - - - |1.49).54/11.95)27270/8.8/15.9) .84/16.8)1.06/20.0 
2d test, - -  - |%.86).67)10.86/27400/5.2/16.8| .9618.4'1.09/19.2 


The results of the tests are summarized in Table 44. By 
comparing the cost of the rations fed, and the values of the 
products obtained, in the groups which were fed different 
rations in the second test with those in the same groups fed 
uniform rations in the first test, the relative economy of the 
different rations may be seen. ‘The average yield of milk in 
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the first test was 15.9 pounds, and in the second test was 16.8 
pounds; and the average yield of butter was .84 pounds in the 
first test and .96 in the second. The first ration cost 16.8 
cents and the second ration 18.4 cents. The average cost of 
producing 100 pounds of milk was $1.06 in the first test and 
$1.09 in the second, while the cost of a pound of butter was 20 
cents in the first test and 19.2 cents in the second. From 
these figures it will be seen that while the average cost of the 
rations was 1.6 cents higher in the second test, the cost of pro- 
ducing 100 pounds of milk was slightly higher, and the cost of 
producing 1 pound of butter was slightly lower in the second 
test than in the first. 


Flerd S. Tests Nos. 56 and 58.—This was a small herd used 
in producing cream for a codperative creamery. ‘The herd 
was well stabled in a new barn and was driven a short distance 
each day to get water in a yard connected with another barn. 
Nine cows were included in each of these tests, the same ones 
in both tests. Seven of the cows were grade Jerseys, one a __ 
grade Holstein and one a grade Ayrshire. The average esti- 
mated weight of the cows in the herd was 725 pounds. Two 
of the cows had aborted during the summer and fall of 1899 
and one had calved prematurely, by about one month, shortly 
before the first test; but all of the animals seemed to be in a 
fair state of health at the time the test was begun, and there 
were no irregularities in the experiment. 


The coarse fodder used consisted of early cut hay of mixed 
grasses and corn stover, which were eaten with practically no 
waste. The grain feeds were wheat bran, Buffalo gluten feed, 
cream gluten meal and corn and cob meal. 


The first test began February 12, 1900, and continued 
twelve days. The daily ration for each cow in this test con- 
sisted of about 15 pounds of hay and 7 to 8 pounds of corn 
stover with about 5 pounds of mixed grain feeds. This ration 
supplied about 1.5 pounds of digestible protein per day, and. 
had a nutritive ratio of 1:9.1. 


The second test began March 12, 1900, and continued twelve 
days. In this test the amount of coarse fodders used was 
reduced, but the amount of grain feeds was increased. ‘The 
average basal ration for each cow consisted of about 10 pounds 
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of hay, 6.5 pounds of corn stover, and 7 pounds of mixed grain 
feeds. This ration supplied about 1.8 pounds of digestible pro- 
tein per day, and had a nutritive ratio of 1:6.6. 

One group of four cows received only this basal ration. An- 
other group of four cows received the basal ration and for each 
cow an additional feeding of 1 pound of protein mixture, in- 
creasing the digestible protein to 2.1 pounds per day. ‘The 
single cow in the third group received the basal ration and 2 
pounds of protein mixture, supplying 2.3 pounds of digestible 
protein per day. 

A comparison of the results with the groups of cows fed ac- 
cording to the yields of butter fat in the second test and those 
with the same groups having an average ration in the first test 
is shown in the following table. For the whole herd the cost 
of the ration averaged 18.6 cents in the first test and 17.2 cents 
in the second. ‘The average daily milk flow in the first test 
was 13.5 pounds and in the second test 16.7 pounds, while the 
average daily yield of butter was .78 pounds in the first test 
and 1.03 in the second. ‘The average cost of producing 100 
pounds of milk was 35 cents less and the cost of a pound of 
butter 7 cents less in the second test than in the first test. 


TABLE 45. 
Summarized results with Herd S; tests Nos. 56 and 58. 


[First test Feb. 12-24, I900. Second test March 12-24, 1900. ] 
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Group A, 4 cows: Pips. LOS lbs; Cal, (ors) T,.bs.f Lbs. Ctsatr py Cts, 
Ist test, - - - |1,45|.46/12.18)27290/9. 1/11.3| .69/§8.6/1.65|27.0 
2d test, - - - |1.81|.47/10.83/25490|6.6/14.2} .88)17.6|/1.24)20.0 
Group B, 4 cows: 
Ist test, - - - |1.45|.46/12.18/27290|/9.1/14.4| .81/18.6/1.29/23.0 
oditest - a= “ - |2,06|.49|II.31/26940|6.0]17.7|1.09/16.5| .93|15.1 
Group C, I cow: 
Ist test, - - - |1.45|.46|12.18/27290\9.1/18.6/1.09/18.6|1 .00/17.1 
2d test, - - - |2.31/.52/11.79/28420)5 .6/22.9/1.39)18.7| .82/13.4 
Average of herd, 9 cows: 
Ist test, - - - |1.45).46)12.18/27290/9.1)18.5| .7818.6)1.38/23.8 
2d test, - - - 1.98) .48)11.15)26460/6.2/16.7\1.03/17.2/1.03/16.7 
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SUMMARY. 


four herds of cows were studied during the winter of 1899 and 
1900. Two tests were made with each herd, covering periods of 11 
or 12 days. In the first test the entire herd was fed a ration 
which was essentially the same for each cow; while in the second 
test the ration was varied according to the yields of butter fat. 
Two grain mixtures were used in the second test. The first, to- 
gether with the coarse fodder used, was called a basal ration, 
which was planned to contain not far from 2 pounds of digestible 
protein daily. The actual amounts of digestible protein in the 
basal ration varied from 1.80 to 2.30 pounds. The second grain 
mixture was called a protein mixture. It was usually composed 
of the feeding stuffs which the farmer was using, combined in 
such proportions as to furnish approximately .3 of a pound of 
digestible protein for each pound of the mixture. 

Lhe plan of feeding in the second test was to use the basal ra- 
tion for all the cows in the test, and to add to this varying quan- 
tittes of the protein mixture according to the yields of butter Joe 
as shown by the results of the first test. Those cows producing 
from .50 to .65 pound of butter fat in the first test received the 
basal ration only, those producing from .66 to .80 pound of but- 
ler fat received one pound of the protein mixture in addition to 
the basal ration, those producing from .81 to .95 pound of butter 
fat received 2 pounds of the protein mixture in addition to the 
basal ration, while those producing .96 to r.10 pounds of butter 
Jat received 3 pounds of the protein mixture in addition to the 
basal ration. 


A comparison of the results of the two tests with each of the four 
herds ts given tn the following table. The figures are averages 
for the total number of cows in each test. 


In three of the experiments the average cost of the ration used 
in the second test was less than that of the one used in the jirst 
test. Lhe cost of producing roo pounds of milk was also less in 
the second test of the same three experiments, while the cost of 
producing r pound of butter was less in all cases. 


The economy of feeding according to the yield of milk or of 
butter fat will depend much upon what yields are taken as a basis 
in feeding. In these experiments there was used about 2 pounds 
of digestible protein for .50 to .65 pound of butter fat, and the 
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protein was increased by .3 pound for an increase of .15 pound 
in the yield of fat. In the cases of three herds this plan of feed- 
ng proved more profitable than the one of feeding a nearly unt- 
form ration to all the cows. 


TABLE 46. 
Summary of daily rations fed, and daily milk and butter yield. 
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hw CS Hea > — ~ n n D 77) 
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bse igane! ae SURE Vas o Ss 2) 8 ie 
z, Ae lige dion ghee 
Lbs. Pose Cate) 2 Cts; Cts, 1 bs: .bsiy $e PCt: |: Ce. ocr 
Pp § Ist test, 800 9 |(51/2+71/31990/5 .3/22.4/13.9 16,617 OL 535),.83 | 22,34 
: ua test, 53/2.92/30950/|4.7/20.4/11.1/16,2/1.03/1.26| 69| 20 | 11 
yay Test; i. 0 | 52/2.23/28800/6.0/19.5/12.0|13.9| .88)1.40| 86| 22 | 14 
eee o2c testa. | 75 54/2.37/27250|5.2/19.4/11.3/16.3] .98/1.19| 69| 20 | 12 
R Ist test, t Aly ASS I.49/27270/8.8/16.8}11.2/15.9] .84|1.06| 70| 20 | 13 
Pad test, 75 57\2.36/27400/5 .2/18.4/10.6/16.8] .96)1.09) 63 Ig | II 
S Ist test, : § 56/1.45|27290/9.1/18.6|12.8/13.5| .78/1.38] 95 | 24 | 16 
ey 2d test, 7 5% 58)1.98|26460/6.2/17.2/11.2/16.7/1.03/1.03| 67 | 17 | 11 





The experiments, as a whole, help to verify the earlier work of 
this Station, and point out the economy of feeding a larger pro- 
portion of protein than most farmers are in the habit of feeding. 
Rations supplying from 1.80 to 2.60 pounds of digestible protein 
per day, according to the yields of milk or of butter fat, have gen- 
erally proven more profitable than those furnishing less protein. 





* Total cost less value of obtainable manure. 
+ On the assumption that the amount of butter that can be made is equivalent to 
seven-sixths of the amount of butter fat produced. 
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POT EXPERIMENTS WITH NITROGENOUS 
FERTILIZERS. 


BY CSP HELPS: 





During the past twelve years the Station has conducted 
experiments on the effects of nitrogenous fertilizers upon the 
yields of some of our common farm crops, and especially upon 
the proportions of nitrogen in them, ‘The crops grown in these. 
experiments have included some of the legumes, as clover and 
soy beans, cereal crops, such as corn and oats, and many of 
our common grasses; in general, such crops as are commonly 
used for feeding dairy stock, the chief object being to deter- 
mine the effects of fertilizer nitrogen in different forms and 
quantities upon the feeding value of the crop. 

Previous to 1898 these investigations were made chiefly in. 
the field, upon the plots of the special nitrogen experiments, 
as explained in the Reports of the Station from year to year... 
Several difficulties have been met with in these experiments, 
which are quite common to field experiments in general. Chief’ 
among these are, first, the difficulty of finding soil of a uniform 
quality for all plots; second, the variation in season, especially- 
in the amount of rainfall; and third, the difficulty of using the 
fertilizers so that the crop will get the full benefit of them and. 
at the same time not get plant food in varying amounts from. 
other sources. 

Since 1898 experiments for the study of the effect of nitrog-. 
enous fertilizers upon the proportion of nitrogen in plants have. 
also been made on a small scale in such a way that various. 
external influences that might affect the growth of the plants. 
may be somewhat regulated. T’he plants that have been used 
are oats, Hungarian grass, orchard grass and soy beans. These 
are grown in pots by the use of the same kinds and proportions. 
of nitrogenous and mineral fertilizers as are used in the field 
experiments, the purpose of the pot experiments being to. 
verify the results obtained in the field experiments, and to. 
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ascertain if more uniform results may be obtained where the 
conditions of soil, moisture and fertilizer are more nearly 
under control. 


Pots used.—In these experiments the plants are grown in 
galvanized iron pots 18.5 inches deep and 10 inches in diam- 
eter. These pots hold from 60 to 80 pounds of the soil, sand 
and gravel used. Each pot is fitted outside with a half-inch 
pipe, entering about an inch from the bottom, for use in water- 
ing the plants. 


Soil used.—The soil used in these experiments was taken 
from plots on the field used for special nitrogen experiments. 
The mineral plots were selected, for the reason that nothing 
but mineral fertilizers—phosphoric acid and potash—had been 
applied to them since 1890. ‘There seemed to be but a small 
amount of organic matter in the soil, and judging from the 
crops that had been grown on it, there was but little nitrogen 
available for plant food. In order to make the soil more or 
less uniform in character it was hauled into a pile and thor- 
oughly mixed. 


Filling the pots and adding the fertilizers.—In filling the pots 
medium coarse gravel was put in at the bottom to the depth of 
about two inches, and this was covered with a layer of sand. 
About an inch of soil was put on this and lightly pressed with 
a tamper about the diameter of the pots, then a little more soil 
was added and tamped, and so on till the pot was full. The 
soil was then allowed to settle. In all the experiments up to 
1900, 10 pounds of gravel and sand and 50 pounds of soil per 
pot were used in each of the series of experiments when the 
pots were first prepared for use. In the soy bean experiments 
for 1900, 10 pounds of gravel and sand and 56 pounds of soil 
were used in each pot. As the moisture in the soil doubtless 
differed the second year from what it was the first year, in 
cases where the same soil was used the second time, the actual 
weights of dry soil may have differed for the two years. But 
as the conditions under which the soil was stored for the — 
winter were uniform the quantity of moisture in the soil of 


‘each of the pots of a series would have been essentially the 


same when the second year’s experiments were started, as it 
was in the first year. 
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In adding the fertilizers to the soil of the pots about eight 
inches of the soil was removed from the top of each pot and 
with this the fertilizers were thoroughly mixed. The soil con- 
taining the fertilizer was then replaced as before and lightly 
pressed. 


The quantities of fertilizer applied to the soils were calcu- 
lated to be proportional to those used in the plot experiments. 
Some of the pots received the mineral fertilizers only—phos- 
phoric acid 1 gram, potash 1.5 grams and lime (calcium oxid) 
2 grams in each pot; some pots received these mineral fertil- 
izers and a little more than 3 grams of nitrogen in each, called 
the one-third nitrogen ration; some received the mineral fer- 
tilizers and twice as much nitrogen as the preceding, called the 
two-thirds ration; and some received the full ration of nitrogen, 
about 9.5 grams, in addition to the minerals. ‘The nitrogen 
was in all cases supplied in nitrate of soda. 





Shelter and care of plants.—The building used for a plant 
shelter is a light frame structure, 20 x 25 feet in area, open to 
the ridge and provided with a large number of windows. On 
one side there is a small addition which serves as a storage 
room for soil and small tools and as a work room. ‘The floor is 
of earth, and is about on a level with the small yard on the 
west side of the building. Extending through the length of 
the building and about 30 feet into the yard are three tracks 
on which are placed small, low trucks with light board plat- 
forms, to carry the pots of soil in which the plants are grown. 
At the end of and at right angles to the main tracks there is a 
sunken track, with a low truck the top of which is level with 
the main tracks. This low truck is used in transferring the 
regular trucks with the growing plants from one track to 
another. By this means it is possible to make the average 
exposure to sunlight about the same for each lot of plants; 
whereas if the trucks remained on the same track all through’ 
the season some of the larger plants might intercept the sun- 
light from the smaller ones. 


During pleasant weather the plants were kept outside the 
building; but during stormy weather, and whenever the wind 
might be likely to break the plants, they were housed in the 
plant shelter. 
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If the greater part of the water used was poured on the 
surface of the soil in the pots it might dissolve out the nitrog- 
enous fertilizers as it percolated through the soil, and carry 
them to the bottom of the pots and perhaps out of the immedi- 
ate vicinity of the roots of the plants. ‘To avoid this as much 
as possible, the plants were watered mainly from the bottom 
of the pots, by means of the pipe on the outside. ‘The water 
used was taken from a driven well at the College, as analysis 
had shown this water to be practically free from nitrogen. 
The water was supplied to the plants as it seemed to be needed 
to keep up a vigorous growth. The need of water was seldom 
shown by the wilting of the plants, which would seem to indi- 

cate that the quantity supplied was sufficient for normal growth. 


Sampling and analyzing the crops.—When the crops were 
ready to harvest the total growth on each pot was cut about 
one inch above the soil and in each case (except the straw of 
the soy beans) the total crop was taken fora sample. In the 
oat experiments the seeds were separated from the straw after 
the sample was thoroughly air-dried, and the loose hulls were 
added to the straw, the seeds and the straw being analyzed sep- 
arately. In the experiments with Hungarian grass and those 
with orchard grass the crops were harvested in the early seed 
stage and the samples included the total amount of fodder from 
each pot. In the soy bean experiments only the seeds were 
sampled, no effort being made to save the stems and leaves, as 
it had been found in field experiments that many of the leaves 
dropped off before the seeds were fully matured. All of the 
crops were thoroughly air-dried and kept in sealed glass jars 
until prepared for analysis. 

The only analyses of the crops from the pot experiments 
were determinations of nitrogen, as these were sufficient for 
the purpose of the experiments. The total nitrogen was de- 
termined by the Kjeldahl method. Nitric nitrogen was also 
determined in a number of samples, as described in a preceding ~ 
article on the Analyses of Fodders and Feeding Stuffs (page 
Sa. 

The data in the tables below for the experiments with differ- 
ent crops show for each pot the amount of nitrogen in the fertil- 
izer, the total weight of crop produced, the percentage and total 
weight of nitrogen and the estimated percentage of protein. 
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The total weight of nitrogen is calculated from the weight 
of crop and the percentage of total nitrogen determined. A 
comparison of the amounts of total nitrogen in the same crop 
from different pots with varying amounts of fertilizer nitrogen 
gives an indication of how much the nitrogen in the crop in- 
creased as the nitrogen in the fertilizer was increased. It will 
be observed that as the moisture content of the sample at the 
time of analysis was not determined the comparison must be 
made between the amounts of nitrogen determined in air-dried 
fodders, that is, in the condition in which they are ordinarily 
used. Past experience has shown, however, that different 
samples of the same fodder when thoroughly air-dried under 
similar conditions differ but slightly in moisture content, the 
differences being hardly sufficient to affect materially the de- 
termination of the proportions of protein. For practical pur- 
poses, therefore, the comparison of the proportions of nitrogen 
as determined in the air-dried samples is sufficiently accurate. 

To compare the effects of the different amounts of fertilizer 
nitrogen upon the feeding value of the crops, the percentage of 
protein in the crops from the different pots was estimated by 
the usual method, by multiplying the percentage of nitrogen 
by the factor 6.25, on the assumption that protein contains 16 
per cent. nitrogen. This method of course is not absolutely 
correct, as pointed out on a preceding page (p. 39). For in- 
stance, not all forms of protein contain 16 per cent. nitrogen. 
On the other hand, a portion of the total nitrogen of some 
crops may frequently be in the form of nitrates, because when 
readily available nitrates are abundant in the soil they may be 
taken up by plants more rapidly than they can be built up 
into plant tissue, and may thus be present unchanged in con- 
siderable amounts,* especially if the plant is harvested in pre- 
mature stages of growth. These nitrates are of no value as 
food for animals. As shown in Table 19 on page 84, some 
of the crops in these pot experiments contained appreciable 
amounts of nitrates, which would affect to some extent. the 
proportions of actual protein present as determined by the 
usual method. However, the method used for estimating 
protein is perhaps sufficiently accurate for practical purposes; 
and since it has been and is still commonly used, it has also 
been followed in this case. 


* See Connecticut Sta. Rept. 1895, p. 108. 
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DISCUSSION OF THE EXPERIMENTS. 


On the following pages is given the discussion of the experi- 
ments with oats and Hungarian grass in 1898, with Hungarian 
grass, orchard grass and soy beans in 1899, and with soy beans 
in 1900. A number of other experiments besides these were 
made during the three years, but the growth in most cases 
was so poor that it was believed the results would be abnormal 
and therefore it would not be advisable to make the analyses. 

The oat experiments of 1898 comprised twelve pots; all the 
other experiments reported comprised sixteen pots. In each 
experiment, the total number of pots used was made up of an 
equal number of those with mineral fertilizer only and those 
with the one-third, two-thirds and full rations of nitrogen in 
addition to the minerals. All the pots of the same kind formed 
a group, the results for the individual pots in each group being 
averaged together. 


EXPERIMENT WITH OATS, 1898. 


This experiment included pots Nos. I to 12, with three pots 
fertilized alike comprising a group. In general the growth on 
the different pots was not so heavy in the case of the oats as it 
was on corresponding pots in the Hungarian grass and the 
orchard grass experiments described below. The crop was 
fairly uniform, however, on pots which were similarly fertil- 
ized with nitrogen. Samples were taken October 20, 1898. 
The crop was cut about an inch above the soil, and the total 
amount on each pot was taken for a sample. When the crop 
was thoroughly air-dry the seeds were separated from the straw 
and chaff, and later the two were analyzed separately. The 
results of this experiment are given in the table below. 


Oat seeds. —There was a gradual increase in the percentages 

of nitrogen and of protein in the crops of different pots in ac- 
cordance with the quantities of nitrogen supplied in the fertil- 
izer. ‘The increase in the percentage of nitrogen in the oat 
seeds was much more marked than the increase in yield. 


Oat straw.—With the exception of the crop on pot 6 the 
growth was quite uniform on all the pots which were similarly 
fertilized with nitrogen. Omitting the results from pot 6 the 
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yields of straw increased gradually with the quantities of nitro- 
gen supplied in the fertilizer. As in the case of the oat seeds, 
however, the increase in the percentages of nitrogen in the 
crops from the pots having larger quantities of nitrogen was 
‘much more marked than the increase in yields. 





















































TABLE 47. 
Nitrogen in fertilizer and in crop in pot experiments with oats, 
ISOS. 
FERTILIZER. a 
Hl g 5 A 
fe) fo) ce ip (o) a) wo 
< A SAMPLE. = a a cee 
cae Kind 0 | ot oe 
Hq |m oo] B i 
dil aye) ae 
Dead ars 
Gms|Gms| % |Gm| % 
6365} 1| Oat seeds, - | Minerals only, - - - | — 8.5 2.37|/.20|/14.81 
6367| 2) Oat seeds, - | Minerals only, - - =f 7 O12 30k a aa eae 
6369} 3} Oat seeds, - | Minerals only, - - - | = 1°9..5|2 30122 Shh aeua 
Average, - 8 .3/2.38) .20/14.90 
6371 4) Oat seeds, - | Minerals + 4 nit. ration, - Roll Teo onc .28/15.88 
6373) 5| Oat seeds, - | Minerals + 4 nit. ration, - 3-17} 9.0/2.87|.25|17.94 
6375| 6| Oat seeds, - | Minerals + 4 nit. ration, - /3.17/13.5/2.71/.26|16.94 
Average, - 11.2/2.71).26)16.92 
6377| 7| Oat seeds, -.| Minerals + 2 nit. ration, - 6.34/13 .0/2.74].36|17.13 
6379| 8) Oat seeds, - | Minerals + 3 nit. ration, - 6.34/11..5/2. 76). 32117.-25 
6381} 9} Oat seeds, ~- | Minerals + 2 nit. ration, - |6.34/14.5/2.84}.41|17.75 
Average, - 13.0/2.78) .36/17.38 
6383/10} Oat seeds, - | Minerals + full nit. ration, /9.51/13.5|/2.82].38/17.63 
6385/11; Oat seeds, - | Minerals + full nit. ration, |g.51/13.5|2.77|.37|17.31 
6387\12, Oat seeds, - | Minerals + full nit. ration, Q.51| 9.52.83] .27|17. 69. 
Average, - 12.22.81) .84/17.54 
6366] Ij Oat straw, - | Minerals only, - - - | ——~ TT S1T, 03] oho ea aaas 
6368) 2) Oat straw, - | Minerals only, - = | — 118.5) . 76.594) ae 
6370| 3) Oat straw, - | Minerals only, - - ii 178. 5b 9 oh Boh eee 
Average, - > 116 tie 80) add ene 
6372} 4 Oat straw, - | Minerals + ¢ nit. ration, - 3.17/33 -O1ES.20) 30) 7.5008 
6374] 5) Oat straw, - | Minerals + 4 nit. ration, - |3.17/36.5/1.20].44| 7.50 
6376| 6} Oat straw, - | Minerals + 4 nit. ration, - 317|12.5) 1.08), 12) Gea 
Average, - 27 .3/1.13).32) 7.05. 
6378) 7, Oat straw, - | Minerals + } nit. ration, - 6.34/31.5/1.28].40} 8.00. 
6380} 8) Oat straw, - | Minerals + 3 nit. ration, - 6.34/39.0|/1.26].49| 7.88 
6382) 9| Oat straw, - | Minerals + } nit. ration, - |6,34/36.0|1.25|.45| 7.81 
Average, - 85.5/1.26].45) 7.90: 
6384/10) Oat straw, -/| Minerals + full nit. ration, Q.51/41.5/1.34|.56| 8.38 
6386|11| Oat straw, - | Minerals + full nit. ration, |9.51/32.5|/I.19|.39] 7.44 
6388/12} Oat straw, - | Minerals + full nit. ration, |9.51/38.0|/1.42/.54| 8.88 
Average, - 37.3/1.32).50) 8.23. 
Pip Plo cy nO Ra GE hn rt ee ee ee 
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HXPERIMENTS WITH HUNGARIAN GRASS, 1808. 


_ This experiment included pots Nos. 17 to 32, with four pots 
in each group. It will be seen from the table below that the 
total yields of crop in this experiment were quite uniform from 
pots with similar amounts of nitrogen. The total range in 
yields per pot in the group with mineral fertilizers was only 
from 28.0 to 33.5 grams; in the group with the lowest (one- 
third) ration of nitrogen the range was 50.5 to 54.0 grams; in 
the group with the second (two-thirds) ration of nitrogen the 
range was 55.0 to 59.0 grams and in that with the largest 
(full) ration the range was 54.0 to 61.0 grams. Fairly uni- 
form results were also obtained in the percentages of nitrogen 
for the crops from the different pots which were fertilized 


TABLE 48. 


Nitrogen in fertilizer and in crop in pot experiments with Hun- 
garian grass, 1898. 









































FERTILIZER. S 
y See ae 
ils ble] B |g 
é A SAMPLE. a a a 35 ane 
3° . eit all ats “i = 
G3 < Kind. 9 on Fs e Sy 
Ho) 3 é ae 
eM) g 

Gms|Gms} % |Gms| % 
1984|17; Hungarian grass, | Minerals only, - eo $32 OL. OS). 34) OL eG 
1985}18| Hungarian grass, | Minerals only, - ar S I holo: 36 Oa 
1986|19| Hungarian grass,| Minerals only, — - =A 25, Or ok Tie. 311. Onn 
1987|20) Hungarian grass, | Minerals only, - Soe gue TIS... 30\ Tee 
Average, 31.3/1.10) .35) 6.86 
1988/21; Hungarian grass, | Minerals + 4 nit. ration, /3.17/50.5|/1.40 Bye Wir ow ts I 
1989/22] Hungarian grass, | Minerals + 4 nit. ration, |3.17/53.5|1.40 75 (wets 
Ig90|23} Hungarian grass, | Minerals + 4 nit. ration, |3.17/53.0|1 -35| .72| 8.44 
1991|24) Hungarian grass, | Minerals + 4 nit. ration, 3.17/54.0/1.35) .73) 8.44 
Average, a 52.8/1.38) .73) 8.60 
1992/25} Hungarian grass, | Minerals + } nit. ration, |6.34/56.0/1.67| .94 10.44 
1993|26) Hungarian grass, | Minerals + 4 nit. ration, |6.34/59.0/1.85/1 .OO|/II.56 
1994/27|. Hungarian grass, | Minerals + # nit. ration, |6.34/55.ol1. Te OLE OO 
1995|28| Hungarian grass, | Minerals + $ nit. ration, |6.34/56.0/1.85]1 .O4/11.56. 
Average, - 56.5/1.79/1.01 P16: 
1996/29) Hungarian grass, | Min’ls + full nit. ration, |g.5154.0/2.10/1.13/13.13. 
1997/30} Hungarian grass, | Min’ls + full nit. ration, |9.51/58.0]1.94\1.13/12.13 
1998|31| Hungarian grass, | Min’ls + full nit. ration, |g.51/61.0/1.92\1.17/12.00 
1999/32] Hungarian grass, | Min’ls + full nit. ration, |9.51/60.0/1. 81/1 fOOILTA 31 
Average,’ - 08.3/1.94/1.13/12.14 


12 
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alike. The only case of a considerable variation from the 
other samples was in that from pot 21 which showed a con- 
siderably lower percentage of nitrogen than the other samples 
from thesame group. ‘The percentages of nitrogen in the crops 
of the pots in the different groups varied markedly with the 
amounts of nitrogen used. ‘The average percentage in the 
crop where the largest quantity of nitrogen used was nearly 
twice as large as the average where no nitrogen was used in 
the fertilizer. Of course corresponding differences are seen in 
percentages of protein. 


EXPERIMENTS WITH HUNGARIAN GRASS, 1899. 


The experiment on Hungarian grass in 1899 was a repeti- 
tion of the experiment of 1898 in the same lot of pots and 
without change of soil. ‘The soil was taken from each pot and 
sifted to remove the roots, after which it was returned to the 
pot from which it came, and then fertilizer was added in the 
same manner as in the previous year. 

Samples were taken August 17, 1899. The plants were in 
bloom when harvested. The total crop from each pot was cut 
off about one inch above the soil, then cut up into pieces about 
a half an inch long, and hung in loose paper bags in the plant 
house to dry. 

On the pots with mineral fertilizers the growth was rather 
slender, mostly stem, and pale reddish-yellow in color; on the 
pots with the small amount of nitrogen there was a fair crop, 
with a medium amount of leaf growth, slightly yellow in color; 
on the pots with the medium amount of nitrogen the crop was 
quite heavy, with a large amount of leaf growth, and of good 
color; on the pots with the large nitrogen ration there was a 
heavy crop with thick leaf growth and dark green in color. 

From a comparison of the results in the table below with 
those in Table 48 it will be observed that the average yield of 
fodder per pot in the different groups was not as large as in 
1898, but in most cases was fairly uniform from pots having 
the same amounts of nitrogen, and the relative increase in the 
yield from pots with the larger rations of nitrogen was much 
the same for the two years. Why the total yield on the vari- 
ous pots was so much less the second year than the first is not 
evident unless it is that an excess of nitrogen in the soil had a 
deleterious effect on the growth of the plants (see page 174). 
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Although the total yield was smaller the second year, the 
percentages of nitrogen in the crops on corresponding groups 
were higher in 1899 than in 1808. ‘The higher percentage of 
nitrogen found in 1899 may have been due to the influence of 
the fertilizer nitrogen left over from the previous year which 
was taken up by the crop of the second season, or it may have 
been due to the acquisition by the plants of a relatively larger 
proportion of the nitrogen used as a fertilizer when the smaller 
growth occurred. 


TABLE 49. 


Nitrogen in fertilizer and in crop in pot experiments with Fun- 
garian grass, 1899. 
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FERTILIZER. 2 | 
fee a see 
2 1 oH i) 

aes Sale Se ee 

Eien SAMPLE. 4 S "eb P| | Py 

‘ct & | Kind. og re | ae 

aaa Gea ee 

gs 
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Gms! Gs} % cm Wh 
6204/17, Hungarian grass,| Minerals only, - = ey | eens ES) 1.20 .23 7,50 
6205/18 Hungarian grass,| Minerals only, - - a 20 E2816 271. 8406 
6206/19 Hungarian grass,) Minerals only, - - Se tT 27 2a TT Onan 
6207/20) Hungarian grass,| Minerals only, - - =| = FEO I.19).23, pe ee 
Average, - 181.35) .24 8.42 
6208 21; Hungarian grass,| Minerals + 4 nit. ration, - {3.08/20 1.87).37|11.69 
6209/22) Hungarian grass,| Minerals + { nit. ration, - /3.08/18 T.50).,.321 0 nian 
6210/23, Hungarian grass,! Minerals + + nit. ration, - |3.08/20 1.80) . 30/51. 25 
6211/24) Hungarian grass,| Minerals + 4 nit. ration, - |3.08|17 1.74 .30 10.88 
Average, - | 19 1.80 94/1127 
6212/25, Hungarian grass, Minerals + } nit. ration, - |6.16/28 2.05/.5712.81 
6213/26 Hungarian grass,, Minerals + # nit. ration, - [6.16 23)1.97|.45/12. 31 
6214/27) Hungarian grass, Minerals + 3 nit. ration, - |6.16/26/1.89 .48 11.81 
6215/28 Hungarian grass,| Minerals + } nit. ration, - |6.16 24 2.06 .49'12.88 
Average, : 25)1.99 .60 12.45 
6216 29 Hungarian grass,| Minerals + full nit. ration, |9.24/28 2.12) .59/13.25 
6217/30, Hungarian grass, Minerals + full nit. ration, |9.24|26/2.16 .56/13..50 
6218/31 Hungarian grass, Minerals + full nit. ration, |9.24|30/2.07 .62/12.94 
6219/32, Hungarian grass,| Minerals + full nit. ration, |g. 24/21/2.2 .47'14.06 
Average, - 26/2.15 .66 18.44 




















EXPERIMENT WITH ORCHARD GRASS, 1899. 
The experiment with orchard grass, pots 33 to 48, was started 
in 1899, with sods taken from the plots in the grass garden 
which for six years received mineral fertilizers only. ‘The first 
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crop of grass was harvested in good condition, and a second or 
rowen crop was then produced from the same pots, but without 
a second application of fertilizer. Table 50 gives the data for 
this experiment. 

First crob.—The growth of grass seemed to be normal 
throughout the season. The samples of the first crop were 
taken July 1, 1899, when most of the heads were past bloom 
and the earliest plants were beginning to form seed. The total 
crop from each pot was cut off about an inch above the soil, 
then cut into pieces about a half an inch long and dried in the 
steam drier. 

The variation in weight of the total crop was small for alt 
pots of a group. The growth seemed heavy on all the pots, 
but was especially so on the pots of the group having the 
larger rations of nitrogen. On the pots with mineral fertil- 
izers there was a rather slender growth, pale yellow in color; 
on the pots with the smallest (one-third) nitrogen ration the 
growth was fairly heavy, with medium amount of leaf, and 
slightly pale green in color; on the pots with the medium 
(two-thirds) nitrogen ration the growth was quite heavy, 
quite thickly leaved at the bottom, and of good color; on 
the pots with the full nitrogen ration there was a heavy 
growth with leaves thick at the bottom and of dark green 
color. 

The average percentage of nitrogen in the crop from the 
pots on which the largest ration of nitrogen was used was 
more than twice as high as that in the crop from the mineral 
pots, where no nitrogen was used. ‘This, of course, affected 
in the same proportion the percentages of protein.. This ex- 
periment illustrates very forcibly the possibility of increasing 
the feeding value of our common grasses by the liberal use of 
nitrogenous fertilizers. 

Second or rowen crop.—The orchard grass rowen was sam- 
pled November 10, 1899. The pots had been under shelter 
since September 20. The grass was considerably dried and 
brown when harvested. Crop was cut off just above the soil 
and was cut into pieces about an inch long and dried. 

The second growth of orchard grass appeared to be nearly 
normal, although there were considerable differences between 
the groups of pots to which different quantities of nitrogen 
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TABLE 50. 
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Nitrogen in fertilizer and in crop in pot experiments with orchard 
grass, I899. 
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Orchard grass. Gms/G@s} % |Gms| % 
6188/33) First crop, - | Minerals only, - “ - | — |36/1.56) .56| 9.75 
6189/34, First crop, - | Minerals only, - - - | 40/156) .62)29.75 
6190|35| First crop, - | Minerals only, - f - | — |43|1.69} .73/10.56 
6191|36| First crop, - | Minerals only, - = - | — |35/1.57| .55| 9.81 
Average, - 391.60) .62) 9.97 
6192/37, First crop, - | Minerals + 4 nit. ration, - |3.17/46)2.02| .93/12.63 
6193|38| First crop, - | Minerals + $ nit. ration, - |3.17/47/2.09} .98)/13.06 
6194/39] First crop, - | Minerals + 4 nit. ration, - |3.17/48/2.01| .96/12.56 
6195|40| First crop, - | Minerals + 4 nit. ration, - |3.17/45/2.12) .95|13.25 
Average, - 47/2.06 .96/12.88 
6196/41| First crop, - | Minerals + $ nit. ration, - |6.34/59/2.19|1.29/13.69 
6197/42) First crop, - | Minerals + # nit. ration, - |6.34/54/2.31/1.25|14.44 
6198/43} First crop, - | Minerals + nit. ration, - |6.34/46/2.54|1.17|15.88 
6199|44| First crop, - | Minerals + # nit. ration, - |6.34/56/2.36/1.32/14.75 
Average, - | 64/2.35)1.26)14.69 
6200/45| First crop, - | Minerals + full nit. ration, |9.51/51/2.56)1.31/16.00 
6201|46| First crop, - | Minerals + full nit. ration, |g.51/58/2.41/1.40/15.06 
6202/47| First crop, - | Minerals + full nit. ration, |9.51/61/2.46|/1.50/15.38 
6203/48| First crop, - | Minerals + full nit. ration, |9.51/61/2.41|1.47/15.06 
Average, - 58'2.461.42/15.38 
6236/33) Rowen, - - | Minerals only, - - - | — |{0]/1, 10} .11) 6.88 
6237/34) Rowen, - -| Minerals only, - - - | — |12/1,.18) .14] 7.38 
6238|/35| Rowen, - - | Minerals only, - - rie LTT. 39) 2 15)< 8.66 
6239/36| Rowen, - - | Minerals only, - ~ - | — |LI/L.34) .15| 8.38 
Average, - 11 26y . 141.83 
6240|\37| Rowen, - - | Minerals + $ nit. ration, - |3.17|14|/1.25| .18) 7.81 
6241/38} Rowen, - - | Minerals + 4 nit. ration, - |3.17/15|/1.35 .20|@8.44 
6242|39| Rowen, - -| Minerals + 4 nit. ration, - |3.17/15/1.23| .18] 7.69 
6243.40; Rowen, - - | Minerals + $ nit. ration, - /3.17|13/1.42) .14} 8.88 
Average, - 141.81; .18| 8.21 
6244 41| Rowen, - - | Minerals + $ nit. ration, - |6.34|16/1.06|] .17| 6.63 
6245/42) Rowen, - -| Minerals + # nit. ration, - |6.34/16)1.09 .17| 6.81 
6246/43} Rowen, - - | Minerals + # nit. ration, - /6.34/16|1.36| .22| 8.50 
6247/44; Rowen, - -| Minerals + # nit. ration, - |6.34/19/1.27| .24| 7.94 
Average, - 17/1.20|) .20) 7.47 
6248/45| Rowen, - - | Minerals + full nit. ration, |9.51|26)1.11] .29} 6.94 
6249 46| Rowen, - - | Minerals + full nit. ration, |9.51/23|/1.06] .24| 6.63 
6250 47| Rowen, - -| Minerals + full nit. ration, |g.51|18/1.18| .21| 7.38 
6251 48 Rowen, - - | Minerals + full nit. ration, |9.51/25/1.10] .28} 6.87 
Average, - 93/1.11) .26) 6.96 
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were applied. On the pots supplied with mineral fertilizers 
only, the plants were small, slender, pale yellow in color, and 
the total weight of the crop was light; the growth on the pots 
with the smallest (one-third) nitrogen ration was similar, but 
slightly heavier. In both these cases the plants had not ma- 
tured sufficiently to develop flower stalks; while in the next 
two groups of pots the plants were larger and coarser and more 
advanced in growth, and the total crop from the pots was 
heavier. On the pots with the medium (two-thirds) nitrogen 
ration there was a rather heavy, leafy growth, of fair color; 
and on the pots with the full ration of nitrogen there was a 
dense leafy growth, quite heavy and dark green in color. 

It will be seen from the data in the table above that the 
average percentages of nitrogen in the crops of the pots in the 
group to which the largest quantity of nitrogen was applied 
were less than was found where smaller amounts or where no 
nitrogen was used in the fertilizer. This might at first seem 
to indicate that the crops were unable to utilize the nitrogen 
left over from the first crop in proportions corresponding to 
the amounts present. It would seem more probable, however, 
that the differences in the percentages of nitrogen were due 
more largely to differences in the degree of maturity of the 
crops of different pots when harvested. As pointed out above, 
the growth was far more advanced on the pots to which the 
larger quantities of nitrogen were applied; the percentages of 
nitrogen in the crop would probably be less under such condi- 
tions. Many analyses of crops harvested in different stages 
of growth have shown that the younger and less mature the 
plants when samples are taken for analysis, the larger is the 
percentage of nitrogen contained in them. 

* 
EXPERIMENT WITH SOY BEANS, 1899. 

The experiment with soy beans, pots 48 to 64, was begun in 
1899, with four pots fertilized alike comprising each group. 
The soil was from the same source as that used in other pot 
experiments, but in order to insure a growth of tubercles on 
the roots an infusion of soil and water was made from a field 
which had grown soy beans for several years, but upon which 
no nitrogenous fertilizer had been used. ‘The water from this 
infusion was used several times early in the season in watering 
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the soil of all the pots in the experiment. When the crops 
were harvested there was a large number of tubercles on the 
roots in all the pots. 

The samples were taken November 10, 1899. ‘The entire 
crop of seed from each pot was taken asa sample. ‘The seeds 
were well dried when harvested; they were shelled from the 
pods and put into numbered bags. 


‘CABLES 


Nitrogen in fertilizer and in crop in pot experiments with soy 


bean seed, 1899. 



























































FERTILIZER. C. 
. : We tae a 1 
zs leelz| & See 
ieee tn tele SAMPLE. 7 Ol = 5 

3 12 Kind ao |o x me 

wa Oy Kind. | 5 8. 5 a Sy 

cieealles le) ea 

e bn 2 = 

|Gms/Gs| % |Gms| % 
6220/49} Soy bean seed, | Minerals only, - . - | — /27|6.15/1.66)38.44 
6221/50) Soy bean seed, | Minerals only, - : - | — |29/6.21|1.80/38.81 
6222/51| Soy bean seed, | Minerals only, - - - | — |25|6.12/1.53/38.25 
6223/52) Soy bean seed, | Minerals only, - - - | — |28/6.23/1.74/38.94 
Average, - | 27\6.18/1.68/38.61 
6224|53| Soy bean seed, | Minerals + $ nit. ration, - |3.08/15/6.42) .96|40.13 
6225|54| Soy bean seed, | Minerals + } nit. ration, - /3.08/29/6.25|1.81 39.06 
6226|55| Soy bean seed, | Minerals + 4 nit. ration, - 3.08/12/6.34) .76)39.63 
6227/56] Soy bean seed, | Minerals + 4 nit. ration, - (3.08 26/6.17|1.60|38.56 
Average, - | 28/6.21)1.71/38.81 
6228|57| Soy bean seed, | Minerals + 4 nit. ration, - (6.16 29/6.17/1.79/38.56 
6229/58] Soy bean seed, | Minerals + $ nit. ration, - '6.16/33/6. 29/2 .08/39.31 
6230/59) Soy bean seed, | Minerals + } nit. ration, - }6.16/20/6.38/1.28)39.88 
6231/60] Soy bean seed, | Minerals + } nit. ration, - 6.16/31|6.41/I.99/40.06 
Average, - 31/6. 29)1.95/39.31 
6232/61} Soy bean seed, | Minerals + full nit. ration, |g. 24|30/6.33|/1.90|39.56 
6233162 Soy bean seed, | Minerals + full nit. ration, g.24/32|6.47 2.67|40.44 
6234163 Soy bean seed, | Minerals + full nit. ration, |9.24/31/6.20)1.92/38.75 
6235|64| Soy bean seed, | Minerals + full nit. ration, 9.24]29/6.50)1.89|/40.63 
Average, - 31/6.38/2.10/39.85 
The growth on the different pots was quite irregular, owing 
to the failure of many seeds to germinate. ‘The number of 


plants per pot, of fairly uniform size and vigorous growth, 
varied from one to eight. ‘This has made it advisable to omit 
from the averages results from pots showing abnormal yields. 
Omitting these it will be seen from the data in Table 51 that 
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the average yields on the pots of different groups were nearly 
the same. ‘The results obtained in the total crop seem to be 
little influenced by the amount of nitrogen in the fertilizer. 
This was in accord with results obtained with this crop in field 
experiments with nitrogenous fertilizers. 

There was but little variation in the percentage of nitrogen 
in the crops from the different pots. The average percentage 
where the largest (full) ration of nitrogen was used was only 
two-tenths of one per cent. above what was obtained where no 
nitrogen was used. 

These results are in striking contrast with those obtained in 
the experiment with orchard grass (first crop) and with Hun- 
garian grass. With these latter crops the percentage of nitro- 
gen was sometimes twice as large where the larger amounts of 
nitrogen were used as where only mineral fertilizers were used. 


EXPERIMENT WITH SOY BEANS, I9OO. 


The experiment of 1899 with this crop was repeated in 1900 
in the same pots but with a new lot of soil. In this case the 
soil was taken from field plots which had produced soy beans 
for five years without the application of nitrogenous fertilizers. 
A large number of tubercles was found on the roots when the 
crops were harvested. 

The samples were taken October 10, 1900. All the seeds 
from a pot were taken fora sample. ‘The seeds dried on the 
stalks before harvesting. The growth was much smaller on 
the pots as a whole than in the experiment of 1899. Notes 
taken late in the period of growth show that there was little 
difference in the appearance of the plants on the different 
groups of pots. There were six plants in each pot, and the 
general conditions of growth were nearly the same, except that 
the plants were somewhat smaller where no nitrogen was used. 

The range in the average percentages of nitrogen in the 
crops from pots of the different groups was from 6.28 per cent. 
to 6.40 per cent. The differences between the percentages of 
nitrogen in the crops from pots in the same group, which, of 
course, were all fertilized alike, were often greater than those 
between the averages for the groups of pots receiving varying 
quantities of nitrogen in the fertilizer. The results of this 
experiment would seem to indicate that with soy beans no 
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advantage was obtained from the use of nitrogen in the fertil- 
izers, either in the total yields or in the percentage of nitrogen. 


TABLE 52. 


Nitrogen in fertilizer and in crop in pot experiments with soy 
bean seed, T900. 
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6346|49| Soy bean seed, | Minerals only, - - - | — |11/6.45).71/ 40.31 
6347|50| Soy bean seed, | Minerals only, - - — |11|6.57).72) 41.06 
6348|51| Soy bean seed, | Minerals only, - - — |10/6.07 .60} 37.93 
6349|52| Soy bean seed, | Minerals only, - - — |12/6.51|.78| 40.69 
Average, - 11/6.40 .70) 40.00 
6350/53) Soy bean seed, | Minerals + } nit. ration, - 3.08/10 6.13] .61) 38.31 
6351|54| Soy bean seed, | Minerals + $ nit, ration, - 3.08|14/6.44) .90) 40.25 
6352|55| Soy bean seed, | Minerals + 4 nit. ration, - |3.08/14 6.43) .90| 40.18 
6353|56| Soy bean seed, | Minerals + $ nit. ration, - 3 .08/14|6. 12) .86) 38.25 
Average, - 13/6.28 .82) 39.25 
6354|57| Soy bean seed, | Minerals + } nit. ration, - |6.16|12|6.02).72/ 37.63 
6355/58| Soy bean seed, Minerals + } nit. ration, - |6.16)14/6.24) .87| 39.00 
635659 Soy bean seed, | Minerals + $ nit. ration, - [6.16/14 6.42) .90}] 40.13 
6357\60| Soy bean seed, | Minerals + $ nit. ration, - 6.16/13|6.50 .85 40.63 
Average, - 13/6.30 .84/39.35 
6358|61) Soy bean seed, | Minerals + full nit. ration, |g.24|12 6437) 76) 30.88 
635962) Soy bean seed, | Minerals + full nit. ration, |9.24/13/6.45|.84| 40.32 
6360163) Soy bean seed, | Minerals + full nit. ration, |9.24|13 6.30) .82] 39.38 
6361/64) Soy bean seed, | Minerals + full nit. ration, |g.24/13/6.08).79| 38.00 
Average, - 13'6.30 .80/ 39.38 








EXPERIMENTS REPEATED ON SAME SOIL. 


A number of attempts were made to use the soil of one year 
in experiments of the next year, by simply applying to the 
soil the same quantity of fertilizer that had been put in when 
first prepared. For the most part these were failures. The 
soil in pots 1 to 12, used for oats in 1898, was thus treated, 
and planted again with oats in 1899, but the growth of oats 
was not normal, and the crop was discarded. In 1900 clover 
was planted in the soil that had thus been used for oats for 
two years, but the results were unsatisfactory. Similar results 
were also obtained in 1900 in an attempt to grow timothy grass 
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(started from sods) in the same pots and soil that had been 
used for orchard grass in 1899. The experiment with Hun- 
garian grass in 1899, which was a repetition of that of 1898, 
was more successful but, as pointed out on page 166, there 
were irregularities in this experiment also; the third experi- 
ment on the same soil was a failure. 

The failures in these cases are believed to be due mainly to. 
an excess of nitrogen resulting from the addition of more nitro- 
gen to that left over from the fertilizer used the year or two 
years before; and, perhaps, in part to a bad physical condition 
of the soil. The reason for believing that excess of nitrogen 
was the main cause of failure is that the plants which first 
began to decline and which died first were those in the pots. 
receiving the largest application of nitrogen, while in the pots. 
which received no nitrogen the growth was nearly normal up 
to the time the experiments were discontinued and the crops. 
discarded. ‘The apparent injurious effects of the surplus nitro- 
gen were first observed during the season of growth in the sec- 
ond oat experiment, as shown by notes made on July 20, 1899: 

‘Since first appearing above the soil the plants seem to have 
grown in reverse order from what might have been expected. 
That is, they varied from the smallest in those pots having the 
full nitrogen ration, to the largest in those having none (the 
mineral plots). The highest plants are now about 16 to 18 in. 
tall, while the plants in the full nitrogen ration pots appear to 
be making very slow growth, and are about 10 to 12 in. tall.’” 

Similar notes made in connection with experiments in 1900. 
on timothy (from sods), which was the second, and on Hun- 
garian grass (from seed), which was the third, in the respect-. 
ive soils, showed that the growth was in reverse order to the 
quantities of nitrogen used. The plants began to look sickly 
and died when they were a few inches in height, where the 
largest quantities of nitrogen were used, while the only pots of 
soil which produced anything like a normal growth were those 
to which no nitrogen was applied. | 


CONCLUSION. 

As the pot experiments are being continued with much 
smaller quantities of nitrogen, it has been thought best to. 
defer drawing any deductions until the results of the later: 
experiments can be compared with those here reported. 


EXPERIMENTS WITH TUBERCULOUS COWS. a BN 


SUMMARY OF RESULTS OF EXPERIMENTS WITH 
TUBERCULOUS COWS. 


BY CuS SRLS. 





In November of 1896 four Devon cows which had been 
condemned as tuberculous by the State Cattle Commissioners 
were brought to the Station for observation and experiment. 
When the herd of which these cattle were a part was first 
tested with tuberculin, in March, 1896, these particular ant- 
mals failed to respond to the test, although quite a number in 
the herd did respond, and were condemned and killed. On 
October 26 and 27, 1896, the balance of the herd was retested 
and the four animals which were later taken for purposes of 
experiment responded to the test. 


The following table gives the temperatures as obtained in 
October, 1896, in the tests made by the State Cattle Commis- 
sioners. ‘The official numbers given the cows at that time 
have been retained. 





























TABLE 53. 
Tuberculin tests made with cows prior to thetr arrival at the 
Station .* 
eke See AFTER INJECTION. 
NUMBER OF Cow. 
8Pp.M.|IoP.M.|6A.M.|8A.M./IOA.M.| 12M. |2P.M 
Test made Oct, 20:27; 1596. ° ° ° ° ° one ° 
1337, -  - -  ~ | 1or.3 | ror.4 | 100.6 | tor.6 | 103.0 | 104.4 | 104.8 
E34 bao : é - | 101.6 | tor.4 | 100.8 | 101.7 | 102.4 | 104.4 | 105.6 
Ree oe = 102.0 | 101.7 |) 99.0.) TOT.0 | 102.8 104.4 | 105.0 
1344,  -  -+ -) - | 104.8 | 1or.1 | 102.0 | 102.0 | 105.0 | 106.8 105.6 








* Through the courtesy of the former Secretary of the State Cattle Commission we 
are able to publish the temperatures obtained in the tuberculin tests made prior to the 
arrival of the cows at the Station. These tests were made by Dr. L. J. Storrs. 
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CARE OF THE COWS AFTER THEY WERE BROUGHT TO THE 
STATION. 


When the cows were brought to the Station they were 
isolated from other cattle, in a high, light and airy stable, 
with about 1,500 cubic feet of air space per cow; although 
later several calves which were used in the experiments with 
the cows occupied the same stable. Adjoining the stable was 
a small yard, about one-half acre in area, in which the animals 
were allowed to exercise several hours each day, except in 
very stormy or extremely cold weather. No special treatment 
for the disease was attemipted, but good care and feed were 
afforded at all times. 


Soon after the cows were brought to the Station plans were 
made to begin a series of studies and experiments relating to 
the progress of the disease and its infectiousness at different 
stages of its development. ‘The general purpose of the experi- 
ments was to study: (1) the progress of tuberculosis in cows 
which apparently had the disease in a mild form when the 
studies began; (2) the infectiousness of the disease in different 
stages of development, on calves and young stock when fed 
upon the milk of the cows while closely associated with them; 
(3) the infectiousness of the milk when the calves to which it 
was ted were isolated from the cows. As quite full reports of 
the progress of the experiments have been given in the last 
three annual reports of the Station, only a brief summary of 
the work, with the results obtained, will here be given. 


Karly in the course of these studies plans were made by 
which tuberculin tests and physical examinations’ of the ani- 
mals could be made from time to time. During the first year 
that the cows were under observation the tuberculin tests were 
made from two to three months apart, and during the last three 
years the tests were made twice a year, in the spring and in 
the early fall or winter. A rise of two degrees above the max- 
imum temperature of the animal before injection, occurring 
within twenty-four hours after the injection, is. considered a 
response to the test. All of these tests and examinations ex- 
cept one were made by the College veterinarians. The tuber- 
culin tests from January 26, 1897, to July 31, 1897, were made 
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by Dr. George A. Waterman. One test was made in Septem- 
ber, 1897, by Dr. L. J. Storrs, the College being temporarily 
without a veterinarian at that time. The balance of the tests 
were made by Dr. N. S. Mayo. 

In the following paragraphs will be found a list of the tuber- 
culin tests, with the dates, and the number of the reactions after 
the cows were brought to the Station: 

January 26-27, 1897, first tuberculin test. Cows Nos. 1337, 
1341, 1343 and 1344 tested. Ad/ responded to the test. 

April 26-27, 1897, second tuberculin test. All of the cows 
tested. Vos. 1341 and 1344 responded to the test. 

July 30-31, 1897, third tuberculin test. All of the cows 
tested, but no response. 

September 27-28, 1897, fourth tuberculin test. All of the 
cows tested, but no response. 

December 17-18, 1897, fifth tuberculin test. All of the cows 
tested. No. 1344 responded to the test. 

April 11-12, 1898, sixth tuberculin test. All of the cows 
tested. Wo. 1343 responded to the test. 

December 22-23, 1898, seventh tuberculin test. All of the 
cows tested, but no response. ~ 

June 2-3, 1899, eighth tuberculin test. All the cows tested. 
No. 1343 responded to the test. 

December 1-2, 1899, ninth tuberculin test. All of the cows 
tested. Mo. 1341 responded to the test. 

March 19-20, 1900, tenth tuberculin test. All of the cows 
tested, but no response. 
| September 28-29, 1900, eleventh tuberculin test. All of the 

cows tested. No. 1341 responded to the test. 


PHYSICAL EXAMINATIONS. 


On May 8, 1898, February 7, 1899, and May 26, 1900, Dr. 
N. S. Mayo made physical examinations of the animals and 
his reports are inserted here. When these reports are com- 
pared they will be found of interest as showing the progress 
of the disease, especially in cows Nos. 1341 and 1343. 

Report of the veterinarian, May 8, 1898.—It is a fact well 
recognized that bovine tuberculosis, unless well advanced, is 
one of the most difficult diseases to diagnose upon a physical 
examination. 
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Of the seven animals examined four are the Devon cows that 
have been tested and found to respond at one time and another, 
and three (A, B, and D) are young calves that have been fed 
with the milk of the cows. ‘The calves have not reacted to the 
tuberculin test, and a careful physical examination fails to 
reveal any indications that they have tuberculosis. : 


Of the four cows that have responded to the test, No. 1337 
presents no symptoms of tuberculosis. She is in good flesh 
and looks well. Her temperature was 102.2” F., respirations 
full and at the rate of 12 per minute. - 

Cow No. 1341 is thinner tn flesh than any of the others, and 
seems to be affected with a slight but chronic looseness of the 
bowels. Her temperature was 102° F., and respirations 12 
per minute. 

Cow No. 1343 is rather fat. She is troubled with a chronic 
cough, and auscultation indicates that the anterior (cephalic) 
lobes of the lungs, especially the right, are tuberculous. Her 
temperature was 102.6 F., and respirations 22 per minute. 

Cows Nos. 1337, 1341, and 1343 are pregnant. 

Cow No. 1344 is in good flesh. ‘Temperature 101.8° F., and 
respirations 15 per minute. Nothing abnormal could be de- 
tected upon a physical examination. No enlarged glands could 
be detected in any of the animals examined. Of the four cows 
that have at some time responded to the test, Nos. 1337 and 
1344 show no symptoms of the disease having developed. In 
No. 1341 the chronic looseness of the bowels may be consid- 
ered as a suspicious symptom of a tubercular affection of the 
digestive tract. In No. 1343 the physical symptoms indicate 
tuberculosis of the lungs. 


It must be remembered that all of these animals have had 
good care and attention, and have not been exposed to condi- 
tions or circumstances that would cause the disease to develop. 


Report of the veterinarian, February 7, 1899.—Of the four 
Devon cows examined, No. 1337 does not seem to be in as 
thrifty condition as she ought to be, considering her care and 
feed. No. 1341 is not in as thrifty condition as No. 1337, and 
would probably be condemned as tuberculous on a physical 
examination. Nos. 1343 and 1344 are in excellent condition, 
physically, both being rather fat, and are looking well. “The 
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only evidence of disease is found in No. 1343, her respirations 
not being as full and deep as they should be normally. No 
cough was noted in any of the animals. 


Report of the veterinarian, May 26, 1900.—Cow No. 1337. 
In excellent physical condition as far as could be determined; 
good flesh, coat smooth and of good color, respirations 16 per 
minute. I was unable to detect any abnormal sounds or ab- 
sence of sounds in the lungs upon auscultation. ‘This cow is 
evidently well along in pregnancy. 


Cow No. 1341. ‘Thin in flesh and does not look in a thrifty 
condition. Coat is rough and has not shed well. A part of 
her physical condition may be attributed to having been in 
milk for some time. This cow’s lungs appear to be slightly 
affected. Respirations 22 per minute. 


Cow No. 1343. Rather thin in flesh. Coat looks some 
better than No. 1341, but No. 1343 coughs quite badly, and 
auscultation reveals considerable areas of solidification in both 
lungs. Respirations 36 per minute. 


Cow No. 1344. Very thin in flesh, and her general physical 
condition is not good. She is suffering from severe lameness 
in the right hind leg, which appears to be due to a tubercular 
affection of the stifle joint. A considerable portion of this 
cow’s poor condition must be attributed to her lameness. Res- 
pirations 22 per minute. 


Br Nw UAYO, 1). Wire 


College Veterinarian. 


NOTES ON THE PHYSICAL CONDITION OF THE COWS DURING 
THE PERIOD OF STUDY, NOVEMBER, 1896, 
TO NOVEMBER, 1900. 


During the first year that the animals were under observa- 
tion all four cows remained in good condition and showed no 
outward sign of disease. Cows Nos. 1343 and 1344 had 
dropped calves in September or October, 1896, before they 
were brought to the Station. Cow No. 1341 dropped a dead 

calf (apparently premature by about one month) March 2, 
1897. ‘The calf was examined for tuberculosis by physical 
exatnination and by cultures made from sections taken from 
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several parts of the body, but these tests failed to show any 
sign of the disease or of *the tuberculosis germs. Cow No. 
1337 produced a vigorous heifer calf April 5, 1897. ‘This calf 
suckled its dam for about six months and was then placed in 
the College herd and reared for dairy purposes. All four cows 
gave a fair flow of milk from the time of calving until they 
went dry preparatory to calving again. During the second 
year (1898) that the cows were under observation Cow No. 
1337 remained in a good condition of flesh and appeared to be 
in vigorous health. She dropped a well developed calf in Sep- 
tember, 1898, which was allowed to suckle its dam for about a 
year. Cow No. 1341 produced a well developed calf in August, 
1898, and seemed to be in a good state of health throughout 
the following winter. Cow No. 1342 became quite fat during 
the early part of 1898. She dropped a rather small calf in 
August, 1898. This cow was considerably thinner than usual 
for three months after calving, but soon after that began to 
gain in flesh. Later in the fall of 1898 cow No. 1343 was 
noticed to have a persistent cough, which continued through- 
out the winter. Cow No. 1344 remained farrow during 1898, 
although she continued to give a good flow of milk. During 
the fall of 1898 she gained in flesh and appeared to be in a 
healthy, vigorous condition. 

During the year 1899 cow No. 1337 remained in a vigorous 
state of health, producing a healthy calf in December of that 
year. The calf appeared to be vigorous and strong at birth, 
but was soon after attacked by scours and died in a few days. 
Cow No. 1341 remained in a fair state of flesh and continued 
to give a good flow of milk till July, 1899. At that time, 
while being fed green oats and peas, she was attacked by 
scours and began to ‘‘run down”’ rapidly. She ceased giving 
milk for a short time, but when placed on dry feed began to. 
regain her flesh and milk flow. This cow remained in a fair 
state of health during the fall of 1899, although she had a 
somewhat irregular tendency to looseness of the bowels. Cow 
No. 1343 continued to givea fair flow of milk during the spring 
and summer of 1899, although she was not as fat as during 
1898. The cough which was first noticed late in the fall of 
1898 increased in severity during the following winter. Dur- 
ing the spring of 1899 she coughed badly after eating dry feed. 
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or when made to exercise vigorously. This cow produced a 
vigorous calf in December, 1899; the calf was soon after at- 
tacked by a mild case of scours, from which it recovered ina 
few days. Cow No. 1344 gave a fair flow of milk during the 
early part of 1899 and seemed to be in a vigorous state of 
health. Sometime during the summer of 1899 she showed 
lameness in the stifle joint of the right hind leg, but this 
gave her little trouble. This cow calved in October, 1899; 
the calf was weak at birth and refused to eat. It died about 
a week after birth. The cow gave a good flow of milk for 
several months after calving, but was thinner than usual. 


During the early part of the fourth year that the cows were 
under observation three of the four began to show marked 
signs of decline. Cow No. 1337 remained in a good state of 
flesh, had a sleek coat and continued to give a good flow of 
milk, and appeared brighter and more active than any of the 
others. ‘This cow appeared to be in a vigorous state of health 
when killed in November, 1900. Early in the year (1900) 
she developed a slight cough, but otherwise appeared to be in 
perfect health. Cow No. 1347 produced a healthy calf in Feb- 
ruary, 1900, and gave a good flow of milk for several months 
after calving; but during the spring and summer of 1900 she 
lost flesh rapidly, until her flanks were hollow and her ribs 
protruded plainly; her coat became rough, her eyes dull and 
sunken, her cough increased and her breathing was shorter 
and more frequent. She continued to scour intermittently, 
-_and when killed in November, 1900, she was generally emaci- 
ated, although continuing to give milk up to the time she was 
slaughtered. Cow No. 1343 gave a fair flow of milk during 
the early part of 1900, although she was losing flesh. During 
the spring and summer her cough increased in frequency and 
her breathing was short and hurried. During the fall of 1900 
she lost flesh rapidly, had a rough coat, sunken eyes and pro- 
truding ribs. She lost her appetite and in October ceased to 
give milk, and when slaughtered in November was greatly 
emaciated. Up to within a year of the time of slaughtering 
this cow had been the fattest and sleekest of the four. During 
the early part of 1900 cow No. 1344 gave a good flow of milk, 
but rapidly lost flesh and developed a severe cough, which, 
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during the spring of 1900, was especially noticeable when the 
cow was made to exercise vigorously. The lameness in the stifle 
joint of the right hind leg increased in severity and beeame 
very troublesome to the cow. She lost flesh during the sum- 
mer and fall and although not as emaciated as Nos. 1341 and 
1343, was quite thin, had a rough coat, and appeared to be 
in a bad physical condition when slaughtered in November, 
19Oo. 


POST MORTEM EXAMINATIONS. 


The following is the report of Dr. N. S. Mayo regarding the 
condition of the disease in the different animals as shown by 
the post mortem examinations. 


Cow No. 1337, mediastinal lymphatics tuberculous, nodule 
found in right lung, other organs normal. 


Cow No. 1341, both lungs found diseased, two-thirds of 
right and one-half of left lung filled with tuberculous tissue; 
mediastinal lymphatics diseased. 


Cow No. 1343, both lungs badly diseased, almost solidified 
with tuberculous tissue; pleural costalis covered with tubercles; 
mediastinal lymphatics tuberculous, and mesenteric lymphatics 
all badly tuberculous. ‘Tubercles were also found on the ru- 
men and diaphragm. 


Cow No. 1344, mediastinal lymphatics diseased, and abcess 
in left lung. 


SUMMARY OF THE RESULTS OF FEEDING THE MILK OF THE 
COWS TO CALVES. 


During the larger part of the four years that these tubercu- 
lous cows were at the Station the milk of some or all of them 
was fed to calves. In some cases the calves fed were the off- 
spring of the tuberculous cows, while in other cases they were 
from cows which careful tests had indicated were free from 
the disease. In some cases the calves were allowed to associ- 
ate with and to suckle their dams, while in other cases they 
were separated from the cows and were fed from a pail. 
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In the earlier feeding tests with the milk of the diseased 
cows the calves were kept in the same stable with the cows, 
one object of these experiments being to study the infectious- 
ness of the disease when the calves were associated with the 
cows while being fed their milk. The results of the first two 
years’ feeding tests show that, while the milk of each of the four 
cows was fed to separate calves in periods ranging, in the dif- 
ferent cases, from three months to one year and four months, 
in no case was there any indications of the disease in the 
calves during the feeding period. The calves were kept with 
the cows nearly two years. One of these calves responded to 
the tuberculin test about five months after the feeding period 
of sixteen months was ended, and was found upon post mor- 
tem examination to be very slightly diseased. These results 
would seem to indicate that while the cow has the disease in its 
earlier stages, and if the udder is not affected, the danger of 
the spread of the disease 1s limited. 


During the laté summer and early fall of 1898, three of the 
four cows produced calves, and it was decided to feed their 
milk to their offsprings. The offspring of one cow (1341) and 
the offspring of a tuberculous cow from another herd were 
selected for a comparison of the infectiousness of pasteurized 
and raw milk from the same cow. About half the milk from 
one cow was heated to about 170° F. and fed to her offspring, 
and the balance of the milk, in its natural state, was fed to 
the offspring of the other tuberculous cow. ‘The calves were 
isolated from the cows, being kept in the main part of the 
barn, while the cows were kept in the basement. Neither of 
the calves responded to the tuberculin test made after a feed- 
ing period of about ten months. By a misunderstanding both 
of the calves were fed the unpasteurized milk of the cow for a 
period of three weeks (following the tuberculin test) after 
which they were turned out to pasture for about five months. 
‘Three weeks after being returned to the stable with the cows 
the calf which had been fed the pasteurized milk (except for 
three weeks) responded to the tuberculin test, while the other 
calf failed to respond until some five months later. The con- 
ditions of this test would seem to show that the calf which had 
been fed pasteurized milk acquired the germs of the disease 
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either during the three weeks while the unpasteurized milk 
was being fed, just before the calf went to pasture, or else 
during the three weeks after being returned from pasture, 
just prior to responding to the tuberculin test. The fact that 
the other calf, also an offspring of a tuberculous cow, did not 
show any signs of the disease six months after a feeding period 
of ten months with the unpasteurized milk, but did respond 
after being associated with the cows for several months more, 
would seem to show that the milk had not proved infectious. 


Two other calves were fed the milk of their dams from 
August and September, 1898, until the next June. Thus one 
was fed a period of over nine months and the other a period of 
ten months while associated with the cows. At the end of 
ten months’ feeding in one case and nine and one-half in the 
other neither of the calves responded to the test. One calf 
was at pasture from June 24 to November 13, while the other 
remained in the stable with the cows. Both responded to the 
test on December 2, following, three weeks after one of the 
calves was returned from the pasture. These tests would seem 
to show that either the milk is very slow in transplanting the 
germs of the disease, or that the development of the disease 
is slow when the germs are transmitted by the milk, or else 
that the disease was transmitted by other means due to the 
association of the calves with the cows. 


Two more calves were fed the milk of the two other cows. 
One calf (1) was from a tuberculous cow in another herd and 
the other one (K_) was from cow No. 1343. Calf I was kept 
in the same stable with the cows, and after being fed the milk 
of cow No. 1344 for a period of ten weeks responded to the 
tuberculin test. Calf K was fed the milk of its dam (No. 
1343) while isolated in a room in another part of the barn. 
After a feeding period of nearly three months this calf re- 
sponded to the tuberculin test. 


In this series of tests five calves were fed the milk of the 
tuberculous cows, in periods varying from ten weeks to ten 
months. ‘T'wo of these tests were made from one to one and one- 
half years later than the other two, and the disease had in the 
meantime made marked progress in at least three of the cows. 
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These tests would seem to show that as the disease becomes 
nore advanced in the cows their milk is more infectious, and 
there is danger to the health of other animals, both from the 
use of the infected milk and in association with the diseased 
animals. 


Judging from the results of the physical examination made 
early in May, 1900, and from the general condition of the 
cows, the disease was reaching its more advanced stages, in 
at least three of the cows, by the spring of r900. In May of 
that year it was decided to test the question of the infectious- 
ness of the milk of the tuberculous cows upon calves from the 
non-tuberculous cows when the calves were isolated at pasture. 
Three calves from the cows in the College herd were selected 
which were believed to be free from the disease. These calves 
were placed in a small pasture near the Station barn. Calf L 
was fed the milk of cow No. 1337; calf M was fed the milk of cow 
No 1341, and calf N the milk of cow No 1343. The milk was 
transferred to another lot of pails than those into which it was 
mnilked, and the attendant was instructed to change his outer 
garments before passing from the barn to the calf pasture, and 
all possible means were taken to prevent the transmission of 
the disease in any way except by the milk. The calves were 
tested with tuberculin May 24-25, about three weeks after the 
feeding period began, and again September 28-29, after having 
been fed over four and one-half months. None of the calves 
responded to either of these tests. The calves were not fed milk 
after the September test, but were kept at pasture until late ‘in 
the fall. They were then given the shelter of a shed separate 
from all other stock. Calf M was found to be ailing on No- 
vember 28 and died November 29. An examination by Dr. 
Mayo revealed a congested condition of the stomach, kidneys 
and bladder, indicating some form of poisoning. An examina- 
tion of the lungs also indicated tuberculosis as follows: ‘‘ Tu- 
berculous nodule in the right lung, calcified, and mediastinal 
lymphatic tuberculous.’’ During the winter the two other 
calves were kept in the basement of a barn separate from all 
other cattle. In February, 1901, these calves failed to respond 
to the tuberculin test, and in May were sent to pasture with 
some other stock. 
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The general conditions and results of this test were as fol- 
lows: ‘Three calves, while at pasture, were each fed the milk 
of a separate cow. Calf L, was fed the milk of a cow in a 
slightly diseased condition, and at the end of a feeding period 
of about four and one-half months, and again five months 
later, failed to respond to the tuberculin test. Calf M was fed 
the milk of a badly diseased cow, and at the end of a feeding 
period of four and one-half months failed to respond to the 
tuberculin test; but when examined two months later, after 
having died apparently from poisoning, did show a slightly 
tuberculous condition. Calf N was fed the milk of a badly 
diseased cow for a period of about four and one-half months, 
when it failed to respond to the tuberculin test, and did not 
respond to a similar test five months later. Calves L and N 
were sent to pasture when about one year old and appeared to 
be in a vigorous state of health. 


CONCLUSION. 


The results of these experiments with tuberculous cows and 
the use of thetr milk for feeding calves coincide with the general 
results of European observations, and indicate that the danger 
of the spread of tuberculosis through the milk of diseased animals 
zs not so great as has often been supposed. In the earlier stages 
of the disease, and when the udder ts not affected, the danger 
from the use of the milk appears to be limited. But when the 
udder ts affected, or when the disease ts so far advanced as to be 
indicated by outward signs or marked physical symptoms, the 
infectiousness of the milk ts increased, and the danger in using tt 
as food for man or animals ts greater. 


From what has been said, however, it is not to be understood 
that the farmer may neglect any case of tuberculosis tn his herd if 
zt zs not in the advanced stages, or tf the udder of the cow ts not af- 


fected. Asa matter of fact, it ts practically impossible for him to tell 


when any animal that reacts to tuberculin may acquire tubercu- 
losis of the udder. There ts danger enough in the fact that the 
cows may acgutre the disease from one another at all, no matter 
how likely or unlikely they may be to do so. Therefore, tf the 
farmers do not want their dairy industry menaced and perhaps 
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sertously injured by the wider spread of tuberculosis among thetr 
herds, tt ts of the utmost importance that each one use every effort 
to free his herd from the disease. 


Cows should be examined carefully for physical symptoms of 
the disease and be tested with tuberculin, and any that respond at 
all should be looked upon with suspicion. Whatever disposition 
7s finally made of those that are diseased, they should be kept at 
all times completely separated from those that are not, and the 
non-affected animals should be carefully watched and be tested 
wrth tuberculin at least once a year. Only in this way can new 
cases be discovered in their earlier stages. Unless the farmers 
can be brought individually to appreciate the gravity of the mat- 
ter to themselves and the menace to thetr industry, and to take 
measures for destroying the disease in their own herds, the his- 
tory of bovine tuberculosis in europe, where in some regions the 
greater portion of the cows are infected, may easily be repeated in 
this country. 
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METEOROLOGICAL OBSERVATIONS AT STORRS 
AND GENERAL WEATHER AND 
CROP REVIEW. 


REPOREE DIB Y-C.2s. (PHELPS: 


The meteorological observations made by the Station during 
1900 were similar to those of previous years. The Station 
equipment at Storrs consists of the ordinary instruments for 
observing temperatures, pressure of the air, humidity, rainfall, 
snowfall and velocity of the wind, similar to those in use by 
the Weather Bureau of the United States Department of Agri- 
culture. A summary of the observations made at Storrs is 
given in Table 54. 

In addition to the records made at Storrs, the rainfall for the 
summer season (May 1 to October 31) was recorded by nine 
farmers in different parts of the state in cooperation with the 
Station. ‘These measurements are given in Table 55, together 
with those supplied by thirteen stations of the New England 
Meteorological Society. 

The total precipitation at Storrs for the year, 48.6 inches, 
was about 3.2 inches more than the average for the past twelve 
years, but was very close to the general average for the state 
as computed from the records of the New England Meteorolog- 
ical Society covering periods of from five to thirty years. The 
rainfall was especially heavy in February and March. For the 
season from May 1 to October 31, the precipitation at Storrs, 
19.5 inches, was about 3 inches below the average for the past 
twelve years, and was also below the general average of obser- 
vations made in different parts of the state during the same 
years. ‘There was a general deficiency in the rainfall during 
July, August and September, which affected all those crops 
that made most of their growth during that period. Vegeta- 
bles, fruits and even corn were considerably damaged. The 
precipitation during November was heavy, so that springs and 
streams were generally well filled when winter began: and in 
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December also it was especially heavy. The heavy precipita- 
tions during the earlier and later months brought up the total 
for the year above the average, in spite of the severe drought 
during the summer. 

The average temperatures for January and February were 
slightly above the averages for those months as recorded at 
Storrs, while that of March was slightly below the average. 
April was cold, and the spring was rather backward. The last 
killing frost, which was unusually severe, occurred May I, with 
a minimum temperature of 25°. The temperature for June was 
about normal, while that for July and August was above the 
average for Storrs for the past twelve years. The first killing 
frost in the fall did not occur until October 18, so that the 
season was especially favorable for late maturing crops. The 
length of the growing season between May 11 and October 18, 
158 days, was twelve days more than the average at Storrs for 
the past twelve years. October was generally mild and favor- 
able for the harvesting of crops. ‘The fall season was rather 
short, as considerable snow fell on November 9, and the month 
on the whole was cool. 

The following general summary of the meteorological phe- 
nomena of New England in rgoo, and the general review of 
the crop season, given in the annual summary of the Climate 
and Crop Service of the United States Weather Bureau, al- 
though pertaining to the whole section in the main apply very 
well to conditions in Connecticut: 


General summary.—The year 1900, in New England, was marked by meteor- 
ological conditions which were greatly at variance, in several of the elements, 
from those generally recorded in this section. It opened mild and without the 
severe storms usually experienced at that season of the year. This was suc- 
ceeded by a period of continued cold weather, with the average temperature 
considerably below the normal, and precipitation generally in excess, which 
extended through May. ‘These conditions resulted in a backward spring, which 
delayed farming operations. June was practically normal and a very pleasant 
month. <A severe and general drought, which had its beginning in July, con- 
tinued through September. The temperature during this lengthy period was 
continuously and largely in excess of the normal for those months. The abnor- 
mally warm weather also continued through October and November, the excess 
of temperature being especially phenomenal in the former month, when the 
monthly mean was about six degrees above the normal. The long duration of 
hot, dry weather in many instances proved disastrous to crops. The weather 
of the year, briefly and summed up as a whole, was unfavorable to agricultural 
and commercial interests, and has seldom been paralleled in the official records. 
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REVIEW OF THE CROP SEASON. 


Owing to the unusually fine weather which prevailed through March the 
Season opened auspiciously, and, according to general estimates, slightly in 
advance of the average. In the southern portion of the district the ground was 
free of snow by the close of March, and frost was out of the soil by the end of 
the first week of April. Active farming operations began promptly, and plow- 
ing and preparing the soil for seeding and planting progressed rapidly. In the 
northern New England states, however, the ground was not bare until the be- 
ginning of the third week of April, and farm work there was somewhat delayed. 
By the close of April plowing was about completed in the northern portion of 
the section, though little planting had been done; while for the southern states 
both were completed, oat fields were green and stock were grazing on the pastures. 

The weather conditions of May were, generally speaking, unfavorable to 
vegetable growth, and less favorable than usual for farm operations. The tem- 
perature was unseasonably low, and ice formed on ponds and the ground froze 
in parts of each state, resulting in great and general damage to tender vegeta- 
tion and to fruit buds. The supply of precipitation, up to the close of May, 
was sufficient for the needs of the soil. 

June opened with improved weather conditions. The high temperature was 
especially favorable to the germination of planted seeds and to growing crops. 
A moderate drought began about the middle of the month and increased, and 
at the close there was a general need of rain. “ The month closed with crops, as 
a whole, in fairly satisfactory condition; corn a week to ten days late; fruit 
very promising. 

The drought increased during July with a general excess in temperature. 
These conditions were unfavorable to crops, except tobacco, which improved. 
The dry weather caused apples to blight and drop; also an increase in insect 
pests of all kinds. . 

The unfavorable weather conditions continued through August. The dry 
weather seriously affected all vegetation. It was, however, favorable to har- 
vesting and threshing grain, and for housing and cutting tobacco. At the close 
of the month the ground was too dry for plowing and fall seeding. 

The condition of growing crops remained unfavorable until the 15th of Sep- 
tember, owing to a continuance of the almost unprecedented and general 
drought. Copious rains during the latter half of the month relieved the 
drought and prepared the soil for cultivation and for seeding. A high wind 
was felt through the section on the 12th, blew off a large portion of the apples, 
and, in many instances, damaged the trees. 

October, the closing month of the season, was very favorable to all farm 
operations. Abundant rains maintained the soil in excellent condition. These 
rains, combined with the high temperature, were favorable to seeded crops, 
pastures and meadows. Crops generally were secured and housed in excellent 
condition. The season, viewed as a whole, was less favorable to crops than the 
average in New England. Hay was a short crop; early potatoes were inferior, 
and the crop was below the average. Apples were a good crop; probably in 
excess of the average yield. Corn and beans were medium crops, while buck- 
wheat was light. ‘lobacco was an exception to all other crops, being, accord- 
ing to reliable estimates, the best ever grown in. New England. Owing to the » 
early maturing of crops very little, if any, damage resulted from frost. 
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TABLE 54. 
Rainfall during six months ending October 31, 1900. 
INCHES PER MONTH. 
LOCALITY. OBSERVER. el ge 3 $ 
eed Aone? Ise oR et reeds es 
ral elecigy Nica ten ba tas ie 
< o ©) 
w 
Canton, - Say Cat] Cases - |6.05/3.81/4.65|2.55/2.56/4.15/23.77 
Clark’s Falls, - | E. D. Chapman, - |5.08/0.89/2.58|1.98)3.29/3.06/16.88 
Colchester, - - |S. P. Willard, - |3.93|1.80/2.43/0.86|2.48/3.92/15.42 
Cream Hill, - - | C. L. Gold, - - 15.13/4.42/6.09/2. 18/1. 75|2.73/22.30 
E. Windsor Hill, - | J. N. Fitts, - - |4.09/4.78}3.31/2.58|1.65/2.15|18.56 
Falls Village, - | M.H. Dean, .- [5.58/4.45/5.02/1.87|1.85/2.41|/31.08 
Fartiord, ~~. - - | H. H. Moore, - [|5.41/3.04|4.83/2.65|1.72/2.84/20.49 
Hawleyville, - - | E. N. Hawley, - |5.98/4.31/3.02/2.62/3.00/4.25/23.18 
Lebanon, § - = | BA: Hoxie, ~~ - 15 08\2.5812.68]0.74|2.72|4.04/17.54 
Madison, - - 7D. Kelsey, - |2.95|1.57|2.84/1.91/2.99/3.13|23.21 
Middletown, - - | A. P. Bryant, - |3.62/2.08/2.92/1.89/2.75|/3.82/17.18 
New Haven, - | Weather Bureau, - |3.30)1.79/2.28/0.90/2.10/2.03|12.40 
Newington, - - | J. S. Kirkham, - [5.92/3.37|2.74|2.72/1.98/3.31|/20.04 
New London, aya? ead Se ne - |4.84)/1.90|1.46)0.89/4.03|1.59]14.71 
Norfolk, > - | G. O. Stanard, - |5.30/3.21|6.23/2.20|/1.51/2.90)21.35 
N. Grosvenor Dale, | Grosvenor D. Co., 5 .84/3.66/4.16/1.57|2.09/4. 10|21.42 
Norwalk, - - | G. C. Comstock, - |3.62/2.03/4.30|2.25/3.44/3.47/19.11 
Southington, - | Lumen.Andrews, |5.15/3.13/2.70/1.90|2.20)2.95|17.03 
So. Manchester, - | K. B. Loomis, - |5.34|4.06|/2.87|1.45|2.09/3.24/19.05 
Storrs, - - - | Experim’t Station, |4.91/4.32|2.76/2.03/2.27/3.21|19.50 
Voluntown, - ..| Rev. E. Dewhurst, |4.48/2.23)2.58/2.00/3.10)2.80/17. 
Waterbury, - - | N. J. Welton, - |4.39/3.02/3.10/2.09|2.15/3.59|18.34 
W. Simsbury, - | S. T. Stockwell, - |5.44/2.79/3.99/2.67|2.37|3.64/20.90 
Average, - - - -  - ~~ |4,8418.01/8.46/1.93)2.44/3.19)19.65 
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meu BeICATIONS OF: THE STATION. 


The publications of the Station will be mailed free to all 
citizens of Connecticut, and to Granges, Farmers’ Clubs, and 
other agricultural organizations, that ask for them, and so 
far as circumstances permit, to those who apply from other 
states. 


To meet requests constantly received for information regard- 
ing the publications, a supplement to the present Report has 
been published, giving a list of the Annual Reports, Bulletins, 
and Reprints issued by the Station since its organization. The 
list includes that portion of the table of contents of each Report 
which gives the titles of the articles contained in it; the number 
and title of each Bulletin; and the title of each Reprint with 
the number of the Report from which it is taken. In addition 
to these, the titles of several Reprints from the Reports of the 
Connecticct Board of Agriculture concerning the work of the 
Station are also given. In the list those publications of which 
copies are no longer available for distribution are appropriately 
marked. 


Requests for the above mentioned list, or for any of the pub- 
lications of the Station should be addressed to 


STORRS AGRICULTURAL 
| EXPERIMENT STATION, 
TOLLAND COUNTY. SrORRS CONN 
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The Station is located at Mansfield (P. O. Storrs), as a 


department of the Connecticut -Agricultural College. The 


chemical and other more abstract research is carried out at 


Wesleyan University, Middletown, where the Director may be 


addressed. 
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To meet requests constantly received for information regard- 
ing the publications of the Station, the following list has been 
prepared of the Annual Reports, Bulletins and Reprints issued 
since the organization of the Station in 1888. The list includes 
the portion of the table of contents of each Annual Report that 
gives the titles of the articles contained in the Report. ‘The 
number and title of each Bulletin is given, and the title of each 
Reprint with the number of the Annual Report from which it 
is taken. ‘The list also contains the titles of several Reprints 
from the Reports of the Connecticut Board of Agriculture. 


The letters e and / will be found in parenthesis preceding the 
titles of some of the publications in the following list. The 
letter ¢ indicates that. copies are no longer available for distri- 
bution as the supply is completely exhausted. ‘The letter / 
indicates that the number of copies available for distribution 
is limited, as the supply is nearly exhausted. Those on hand 
will be mailed to individuals or libraries desiring them to com- 
plete their sets, and to persons especially interested in the sub- 
jects of the publications. The publications in the list that are 
not lettered are available in considerable numbers, and will be 
sent on application until the supply on hand is exhausted. 


The publications of the Station will be mailed free to all 
citizens of Connecticut, and to Granges, Farmers’ Clubs, and 
other agricultural organizations who ask for them, and, so far . 
as circumstances permit, to those who apply from other States. 
Requests for publications should be addressed to 


STORRS AGRICULTURAL EXPERIMENT STATION, 
TOLLAND GOUNTY. | STORRS, CONNECTICUT. 


4 STORRS AGRICULTURAL EXPERIMENT STATION. 


ANNUAL REEGERAS: 


¥ 


First Annual Report of the Storrs School Agricultural Experiment 
Station, 1888. 





Report of the Executive Committee. 

Organization and Operations of the Station. 

Report of the Treasurer. 

Report of the Director. 

Experiments on the Effect of Surface Tillage on Soil Moisture. 
Roots of Plants as Manure. 

Meteorological Observations. 

Codperative Field Experiments with Fertilizers. 

Grass and Forage Garden. 

Cow Peas. 


Second Annual Report of the Storrs School Agricultural Experiment 


Station, 1889. 


Report of the Executive Committee. 

Report of the Treasurer. 

Report of the Director. 

The Acquisition of Atmospheric Nitrogen by Plants. 

Bacteria in Milk, Cream, and Butter. 

Stubble and Roots of Plants as Manure. 

Meteorological Observations. 

Coodperative Field Experiments with Fertilizers. 

Effects of Different Fertilizers upon the Composition of Corn. 


Third Annual Report of the Storrs School Agricultural Experiment 
Station, 1890. ; 


Report of the Executive Committee. 

Report of the Treasurer. 

Report of the Director. 

The Acquisition of Atmospheric Nitrogen by Plants. 

Analyses of Feeding Stuffs. 

Proximate Composition of ‘‘ Good” and ‘‘ Poor” Corn. 

Fertilizing Ingredients in Crops and Roots of Legumes. 

Fodder Crops for Soiling and Ensilage. 

Special Nitrogen Experiment on Grass. 

Coéperative Field Experiments with Fertilizers. 

Effects of Different Fertilizers upon the Composition of Oats and Straw. 
Effects of Different Fertilizers upon the Composition of Corn. 
Proximate Composition of Corn and Stover of New England grown Maize. 
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On Sources of Error in Field Sampling of Crops for Analysis. 
Ripening of Cream. 

A Micrococcus of Bitter Milk. 

On the Schulze-Tiemann Method of Estimating Nitric Acid. 
The Fuel Value of Feeding Stuffs. 

Investigations with the Calorimeter. . 

Meteorologica] Observations. 


Fourth Annual Report of the Storrs School Agricultural Experiment 
Station, 1891. 


Report of the Executive Committee. 
Report of the Treasurer. 
Report of the Director. 
Forage Crops. 
Meteorological Observations. 
The Acquisition of Atmospheric Nitrogen by Plants. 
Special Nitrogen Experiment on Grass. 
Food Investigations. 
Introductory Statements. 
The Composition of Food Materials. 
A Study of Dietaries. 
American and European Dietaries and Dietary Standards. 
Methods of Food Investigation. 
Economic Application. One-sidedness of our National Dietary 
and our Agricultural Production. 
Bacteria in the Dairy. 
Coéperative Field Experiments with Fertilizers. 


Fifth Annual Report of the Storrs School Agricultural Experiment 
Station, 1892. 


Report of the Executive Committee. 

Report of the Treasurer. | 

Report of the Director. 

Summary of the present Report. 

A Fixation of Free Nitrogen by Plants. 

Analyses of Fodders and Feeding Stuffs. 

Special Nitrogen Experiment on Grass. 

Effects of Different Fertilizers upon the Composition of Oats and Straw. 

Meteorological Observations. 

Effect of Nitrogenous Fertilizers upon the Percentages of: Protein in 
Grasses and Grains. 

Results of Experiments with Fertilizers on Different Classes of Soils. 

Coéperative Field Experiments with Fertilizers. 

The Isolation of Rennet from Bacteria Cultures. 

Feeding Experiments with Milch Cows on Soiling Crops. 

A Study of Actual Dietaries. 

The Economy of Food. 


6 STORRS AGRICULTURAL EXPERIMENT STATION. 


| 


(1) Sixth Annual Report of the Storrs Agricultural Experiment Station, 
1893. 


Report of the Executive Committee. . 

Report of the Treasurer. 

Report of the Director. 

Analyses of Fodders and Feeding Stuffs. 

Feeding Experiment with Sheep. 

Bacteria in the Dairy. 

A Study of Rations Fed to Milch Cows in Connecticut. 
Meteorological Observations. 
Coéperative Field Experiments with Fertilizers. 
Composition of New England Feeding Stuffs. 

The Digestibility of Feeding Stuffs. 

The Calculation of Rations. 

Studies of Dietaries. Standards for Dietaries and Rations. 


Seventh Annual Report of the Storrs Agricultural Experiment Station | 
1894. 


Report of the Executive Committee. 

Report of the Treasurer. 

Report of the Director. 

Butter-fat vs. Space System for Paying for Cream at Creameries. 

Analyses of Fodders and Feeding Stuffs. : ; 

A Study of Rations Fed to Milch Cows in Connecticut. 

Bacteria in the Dairy. 

Feeding Experiment with Sheep. 

Digestion Experiments with Sheep. 

Fuel Values of Digested Nutrients in Experiments with Sheep. 

New form of Bomb Calorimeter and Determinations of Heats of Combus- 
tion. 

Meteorological Observations. 

Coéperative Field Experiments with Fertilizers. 

Studies of Dietaries. 

Standards for Rations and Dietaries. 


Eighth Annual Report of the Storrs Agricultural Experiment Station, 
1895. . 


Report of the Executive Committee. 

Report of the Treasurer. 

Report of the Director. 

Bacteria in the Dairy. 

A Year’s Experience with Bacillus No. 41. 

A Study of Rations Fed to Milch Cows in Connecticut. 
Soiling Experiments with Leguminous and Cereal Crops. 
Experiments on fattening Sheep. 

Field Experiments with Fertilizers. 


a 
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Meteorological Observations. 

Food Investigations. 

Studies of Dietaries. 

Analyses of Fodders and Feeding Stuffs. 
Digestion Experiments with Sheep. 


Ninth Annual Report of the Storrs Agricultural Experiment Station, 
1896. 


Report of the Executive Committee. 

Report of the Treasurer. 

Report of the Director. 

Bacteria in the Dairy. 

Further Experiments in Cream Ripening—Flavor, Aroma, Acid. 

Bacillus Acidi Lactici and other Acid Organisms found in American 
Dairies. 

Feeding Stuffs and Feeding—Rations for Milch Cows. 

Investigations on Metabolism in the Human Organism—Experiments on 
the Income and Outgo of the Body with Different Food Materials. 

Studies of Dietaries. 

Experiments on the Digestion of Food by Men. 

Digestion Experiments with an Infant. 

The Digestibility of Different Classes of Food Materials. 

Average Composition of American Food Materials. 

Proportions of Digestible Nutrients in Food Materials. 

Field Experiments with Fertilizers. 

Irrigation in Connecticut. 

Digestion Experiments with Sheep. 

Analyses of Fodders and Feeding Stuffs. 

Meteorological Observations. 


Tenth Annual Report of the Storrs Agricultural Experiment Station, 
1897. 


Report of the Executive Committee. 
Report of the Treasurer. 
Report of the Director. 
A Study of the Rations Fed to Milch Cows. 
Nitrogenous Feeding Stuffs, and Formulas for Feeding. 
Studies of Dietaries. 
Experiments on the Digestion of Food by Man. 
Some Practical Applications of Results of Food Investigations. 
Analyses of Foods, Feeding Stuffs, and other Products. 
Improved Forms of Bomb Calorimeter and Accessory Apparatus. 
A Respiration Calorimeter and Experiments on the Conservation of Energy 
in the Human Body. 

_ Tuberculous. Cows and the Use of their Milk in Feeding Calves. 

Meteorological Observations. 
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STORRS AGRICULTURAL EXPERIMENT STATION. 


(1) Eleventh Annual Report of the Storrs Agricultural Experiment Sta- 


tion, 1898. 


Report of the Executive Committee. 

Report of the Treasurer. 

Report of the Director. 

The Present Attitude of European Science toward Tuberculosis in Cattle. 

The Present Condition of Tuberculosis among Cattle. 

Measures for Combating Tuberculosis. 

Practical Conclusions, 

Some Practical Applications of Bacteriology in European Dairying. 

Bacteriology and the Milk Supply. 

Bacteriology in Butter Making. 

Bacteriology in Cheese Making. 

Summary of more Important Applications of Dairy Bacteriology in Europe. 

Tuberculous Cows and the Use of their Milk in Feeding Calves. 

Effect of Nitrogenous Fertilizers upon the Yields and Composition of cer- 
tain Grasses, Grains, and Legumes. 

Digestion Experiments with Sheep. 

Feeding Experiments upon the Winter Fattening of Lambs. 

Analyses of Fodders and Feeding Stuffs. 

Meteorological Observations. 


Twelfth Annual Report of the Storrs Agricultural Experiment Station, 


1899. 


Report of the Executive Committee. 

Report of the Treasurer. 

Report of the Director. 

Classification of Dairy Bacteria. 

Discussion of terms Digestibility, Availability and Fuel Value. 

Availability and Fuel Value of Food Materials. 

Composition of Common Food Materials—Available Nutrients and Fuel 
Value. 

Studies of Dietaries of College Students and Members of Professional 
Men’s Families. 

Studies of Dietaries in Connecticut Hospital for the Insane. 

Experiments with Tuberculous Cows and the Use of their Milk in Feeding 
Calves. 

Field Experiments with Fertilizers. 

An Experiment on Soil Improvement. 

Analyses of Fodders and Feeding Stuffs. 

Meteorological Observations. 
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E> Ce Ee TINS: 


- Bulletin No.1. June, 1888.—Organization of the Storrs School Agricultural | 
Experiment Station and Character of the Work Begun. 
By W. O. Atwater, Dzrector. 


Bulletin No. 2. October, 1888.—Experiments on the Effects of Tillage on 
Soil Moisture. By W. O. Atwater, Director. 


Bulletin No. 3. February, 1889.—Roots of Plants as Manure. 
By C. S. Phelps, Vice-Director, and Chas. D. Woods, Chemist. 


Bulletin No. 4. July, 1889.—Bacteria in Milk and its Products. 
By tia W.Conn, Ph: 


Bulletin No.5. October, 1889.—Atmospheric Nitrogen as Plant Food. 
By W. O. Atwater, Dzrector. 


Bulletin No.6. August, 1890.—Grass and Forage Garden. Grasses and 
Legumes. By Chas. D. Woods, Chemist, and C.S. Phelps, Agriculturest. 


- Bulletin No. 7, September, 1891.—Chemistry and Economy of Food. 
By W. O. Atwater and Chas. D. Woods. 


Bulletin No. 8. April, 1892.—Summary of Annual Report for 1891. Food 
Investigations. Nitrogen and the Farmer. Forage Crops. Nitrogen of 
the Air as Plant Food. Fertilizer Experiments on Grass. Field Experi- 
ments with Fertilizers by Farmers. 

By W. O. Atwater and Chas. D. Woods. 


Bulletin No. 9. November, 1892.— Soiling and Soiling Crops. Feeding 
Experiments with Soiling Crops. By Ces. Phelps. 


Bulletin No. 10. March, 1893.—Results of Experiments with Fertilizers on 
Different Classes of Soil. By: GC. Sa Phelps: 


Bulletin No. 11. April, 1893.— Summary of Annual Report for 1892. 
Assimilation of Free Nitrogen of the Air by Plants. Effects of Different 
Fertilizers upon the Composition and Feeding Values of Crops. Effect of 
Different Fertilizers on Different Classes of Soils. Bacteria in the Dairy. 
Studies of Dietaries. Economy of Food. By W. O. Atwater. 


Bulletin No. 12. February, 1894.— The Ripening of Cream by Artificial 
Bacteria Cultures. 
By H. W. Conn, Professor of Biology in Wesleyan University. 


IO STORRS AGRICULTURAL EXPERIMENT STATION. 


Bulletin No. 13. 


Bulletin No. 14. 


Bulletin No. 15. 


- Bulletin No. 16. 
Aroma, Acid. 


Bulletin No. 17. 


Bulletin No. 18. 


Bulletin No. Ig. 


October, 1894.— Rations Fed to Milch Cows in Connecticut. 
By Chas. D. Woods and C. S. Phelps. 


May, 1895.—The Elm Leaf Beetle. . 


October, 1895.—Food Investigations and Publications. 
. By W. O. Atwater and Chas. D. Woods. 


May, 1896.— Experiments in Cream Ripening: Flavor, 
By H.W. Conny Pi: 


June, 1896.—Hay Substitutes. By C. S.-Phelps. 


December, 1897.—Nitrogenous Feeding Stuffs. 
By Gas. Enelps: 


February, 1899.— The Present Condition of Bovine Tuber- 


culosis in Europe. By H.W. .Cenn Pha 


Bulletin No. 20. 


March, 1900.—A Study of Dairy Cows. 


By C. L. Beach, /ustructor in Dairying, Conn, Agricultural College. 


(e) Bulletin No. 21. March, 1900.—The Ripening of Cream+ 


Bulletin No. 22. 


By. W. Conn, Pi 


April, 1901.—The Soy Bean asa Forage and Seed Crop. 
By ©... Phelps: 
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(/) Bacteria in the Dairy. The Ripening of Cream. A Micrococcus of Bitter 
Milk. Byflige W. Conn, kha, 
From Storrs School Agricultural Experiment Station Report, 1890. 


(2) Investigations on the Chemistry and Economy of Foods. 
. By W. O. Atwater and Chas. D. Woods. 
from Storrs School Agricultural Experiment Station Report, 1891. 


A Study of Rations Fed to Milch Cows on Sixteen Dairy Farms in Connecti- 
cut. By Chas. D. Woods and C, S. Phelps. 
From Storrs Agricultural Experiment Station Report, 1893. 


A New Form of Bomb Calorimeter. By W. O. Atwater and Chas. D. Woods. 
from Storrs Agricultural Experiment Station Report, 1894. 


(e) A Respiration Calorimeter and Experiments on the Conservation of Energy 
in the Human Body. ByAWwW2.@ eAtwater and Eo “bie kh ésa: 
From Storrs Agricultural Experiment Station Report, 1897. 


Improved Forms of Bomb Calorimeter and Accessory Apparatus. 
By. W. O. Atwater and O. S. Blakeslee. 
From Storrs Agricultural Experiment Station Report, 1897. 


(2) Tuberculous Cows and the Use of their Milk in Feeding Calves. 
By. .75..Phelps: 
From Storrs Agricultural Experiment Station Report, 1897. 


Classification of Dairy Bacteria. By Ey W. Conn 
From Storrs Agricultural Experiment Station Report, 1899. 


Discussion of the Terms Digestibility, Availability and Fuel Value. 
By W. O. Atwater. 
from Storrs Agricultural Experiment Station Report, 1899. 


The Availability and Fuel Value of Food Materials. 
By W. O. Atwater and A. P. Bryant. 
From Storrs Agricultural Experiment Station Report, 1899. 


The Composition of Common Food Materials. Available Nutrients and Fuel 
Value. By W. O. Atwater and A. P. Bryant. 
From Storrs Agricultural Experiment Station Report, 1899. 


Field Experiments with Fertilizers. By W. O. Atwater and C. S. Phelps. 


From Storrs Agricultural Experiment Station Report, 1899. 


An Experiment on Soil Improvement. By Cats. Phelps: 
From Storrs Agricultural Experiment Station Report, 1899. 


~ iedinamieaiie cmmmemmen ieee ee 


he STORRS AGRICULTURAL EXPERIMENT STATION. 


The following are Reprints of articles upon the work of 
the Station printed in the Reports of the Connecticut Board 
of Agriculture. Requests for copies of these Reprints should 
be addressed to Hon. TIT’. S. Gold, West Cornwall, Conn., Sec- 
retary of the Connecticut Board of Agriculture, or to W. O. 
Atwater, Middletown, Conn., Director of the Storrs Station. 


Work of the Storrs School Agricultural Experiment Station for the Year 1890. 
By W. O. Atwater. 
from keport of Secretary of Conn. Board of Agriculture, 1891. 


Notes on Feeding Dairy Stock. By Chas. D. Woods. 
Lrom Report of Secretary of Conn. Board of Agriculture, 1893. 


Calorimeter Respiration Experiments. By W. O. Atwater. 
from Report of Secretary of Conn, Board of Agriculture, 1893. 


(e) Conditions Affecting the Digestibility of Feeding Stuffs. 
By Chas. D. Woods. 


je Report of Secretary of Conn, Boardf Agriculture, 1893. 


What Shall we Feed Dairy Animals? By Chas. D. Woods. 
From Report of Secretary of Conn. Board of Agriculture, 1894. 
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U. S. DEPARTMENT OF AGRICULTURE 
LIBRARY 


NOTICE TO BORROWERS 


Please return all books promptly after 
finishing your use of them, in order that 
they may be available for reference by 
other persons who need to use them. 





Please do not lend to others the books 
and periodicals charged toyou. Return 
them to the Library to be charged to 
the persons who wish them. 





The mutilation, destruction, or theft 
of Library property is punishable by law. 
(20 Stat. 171, June 15, 1878.) 
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